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ing 1s removed Irom the outer circumierence of the conduc-
tor; a covered portion in which the isulation covering
covers the outer circumierence of the conductor, the exposed
portion and the covered portion being provided adjacent to
cach other in a longitudinal axis direction; and a water-
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in the exposed portion are filled with a water-stopping agent.
In an area enclosed by the surface of the water-stopping
agent, the surface of the elemental wires 1s 1n contact with
only the water-stopping agent or another elemental wire.
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INSULATED ELECTRIC WIRE WITH
WATER-STOPPING AGENT, WIRE
HARNESS, AND INSULATED ELECTRIC
WIRE PRODUCTION METHOD

TECHNICAL FIELD

The present invention relates to an msulated electric wire,
a wire harness, and an insulated electric wire production
method, and more specifically to an mnsulated electric wire
and a wire harness that include a water-stopping portion 1n
which an 1nsulation covering 1s removed and water-stopping,
treatment 1s applied using a water-stopping agent, and a
method for producing such an isulated electric wire.

BACKGROUND ART

In some cases, water-stopping treatment 1s applied to a
portion of an insulated electric wire 1n the longitudinal axis
direction of the wire. At that time, conventionally and
typically, an msulation covering 1s removed and a conductor
1s exposed at a position of the insulated electric wire at
which a water-stopping portion 1s to be formed, and a
water-stopping agent 1s placed at this position so as to
permeate the gaps between elemental wires that constitute
the conductor. A method for placing a water-stopping agent
so that it permeates gaps between elemental wires 1s dis-
closed 1n Patent Document 1, for example. In Patent Docu-
ment 1, a part of a covered electric wire 1s housed 1n a
compression chamber, and a water-stopping material made
ol a hot-melt material 1s forced to permeate the gaps between
core wires while feeding air into the compression chamber
and discharging the fed air to the outside of the compression
chamber via a space inside an insulation covering of the
covered electric wire, aiming at the water-stopping material
reliably permeating even a small gap between the core wires.

CITATION LIST
Patent Document

Patent Document 1: JP 2007-141569 A

SUMMARY OF INVENTION

Technical Problem

In 1msulated electric wires, when gaps between elemental
wires of an exposed conductor are filled with a water-
stopping agent, and water-stopping treatment 1s applied, the
water-stopping performance 1s alflected by not only the
property and the amount of use of the water-stopping agent
but also the spatial distribution of the water-stopping agent.
Even if the same water-stopping agent 1s used, it may be
impossible to realize a suilicient water-stopping pertor-
mance depending on the distribution of the water-stopping
agent 1n a predetermined area. For example, as disclosed 1n
Patent Document 1, when the water-stopping agent 1s placed
while feeding air into the compression chamber 1n which a
covered electric wire 1s housed, the fed air may be entrained
in the layer of the water-stopping agent, and may aflect the
spatial distribution of the water-stopping agent.

An object of the present invention 1s to provide an
insulated electric wire that realizes a superior water-stopping
performance using a spatial distribution of a water-stopping,
agent 1n a water-stopping portion, a wire harness that
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2

includes such an insulated electric wire, and a method for
producing such an insulated electric wire.

Solution to Problem

In order to solve the above-described problems, an insu-
lated electric wire according to the present invention
includes: a conductor 1n which a plurality of elemental wires
made of a metal material are twisted together; and an
insulation covering that covers an outer circumierence of the
conductor; wherein the insulated electric wire includes: an
exposed portion 1n which the msulation covering 1s removed
from the outer circumierence of the conductor; a covered
portion in which the insulation covering covers the outer
circumierence of the conductor, the exposed portion and the
covered portion being provided adjacent to each other 1n a
longitudinal axis direction of the insulated electric wire; and
a water-stopping portion in which gaps between the elemen-
tal wires 1n the exposed portion are filled with a water-
stopping agent, and 1n an area enclosed by a surface of the
water-stopping agent, the surfaces of the elemental wires are
in contact with only the water-stopping agent or another
clemental wire.

Here, preferably, the area enclosed by the surface of the
water-stopping agent does not include any bubble, or
includes only bubbles whose entire circumierence 1s sur-
rounded by the water-stopping agent, and that are located on
the outer side of the conductor.

Also, preferably, 1n a cross section of the water-stopping
portion that 1s taken perpendicular to the longitudinal axis
direction of the insulated electric wire, the elemental wires
located 1n an outer circumierential portion of the conductor
has a more flattened shape than the elemental wires located
inward of that elemental wire. Furthermore, preferably,
cllipticity of the elemental wires are smaller 1n a cross
section ol the water-stopping portion that 1s taken perpen-
dicular to the longitudinal axis direction of the insulated
clectric wire than 1n a cross section of the covered portion
that 1s taken perpendicular to the longitudinal axis direction
of the imsulated electric wire.

Preferably, 1n the water-stopping portion, the water-stop-
ping agent 1s placed surrounding the entire circumierence of
the conductor. Alternatively, preferably, the water-stopping
agent fills a partially filled region which covers partial
regions of the conductor 1n cross sections of the water-
stopping portion that are taken perpendicular to the longi-
tudinal axis direction of the insulated electric wire, and the
partially filled region covers an area that surrounds the entire
circumierence of the conductor 1n a superimposition of the
cross sections along the entire water-stopping portion in the
longitudinal axis direction.

A wire harness according to the present invention includes
the above-described insulated electric wire, and electric
connections provided at both ends of the insulated electric
wire, the electric connections being capable of connecting to
other devices.

Here, preferably, one of the electric connections provided
on both ends of the insulated electric wire includes a
waterproot structure for preventing entry of water from the
outside, and the other one of the electric connections does
not include any waterproof structure, and the water-stopping
portion 1s provided at a position between the two electric
connections.

According to the present invention, a method for produc-
ing an msulated electric wire including a conductor 1n which
a plurality of elemental wires made of a conductive material
are twisted together; and an insulation covering that covers
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an outer circumierence of the conductor includes: a partial
exposure step of providing an exposed portion in which the

insulation covering 1s removed from the outer circumierence
of the conductor, and a covered portion in which the
insulation covering covers the outer circumierence of the
conductor, the exposed portion and the covered portion
being provided adjacent to each other 1n a longitudinal axis
direction of the insulated electric wire; a filling step of filling
gaps between the elemental wires 1n the exposed portion
with a water-stopping agent made of a curable resin com-
position; and a curing step of curing the water-stopping
agent placed 1in the exposed portion while rotating the
insulated electric wire around 1ts axis.

Here, preferably, after the completion of the filling step,
the insulated electric wire 1s rotated around 1ts axis until the
curing step 1s started.

Also, preferably, in the filling step, the gaps between the
clemental wires are filled with the water-stopping agent by
bringing the exposed portion 1nto contact with a jet flow of
the water-stopping agent.

Preferably, a density modification step 1s executed
between the partial exposure step and the filling step, the
density modification step increasing distances between the
clemental wires 1n the exposed portion while increasing a
density of the conductive material per umt length 1n the
exposed portion, and a retightening step 1s executed after the
execution of the filling step, the retightening step reducing
the distances between the elemental wires in the exposed
portion while decreasing a twist pitch of the elemental wires.

In this case, preferably, in the filling step, a filled area in
which gaps between the elemental wires are filled with the
water-stopping agent and that extends over more than half of
an area from one end to the other end of the exposed portion
in a radial direction, and an unfilled area in which gaps
between the elemental wires are not filled with the water-
stopping agent are provided adjacent to each other in the
radial direction of the exposed portion.

Advantageous Effects of Invention

In the insulated electric wire according to the present
invention, the gaps between the elemental wires constituting
the conductor are filled with the water-stopping agent, and
the surfaces of the elemental wires are in contact with only
the water-stopping agent or another elemental wire. That 1s,
the water-stopping agent 1s distributed so that adjacent
elemental wires adhere each other, or the elemental wires
and the water-stopping agent adhere each other without
another substance such as an air layer interposed therebe-
tween. By filling the gaps between the elemental wires with
the water-stopping agent with high uniformity in this way, 1t
1s possible to form a water-stopping portion having a supe-
rior water-stopping performance that can prevent water from
entering the gaps between the elemental wires.

Here, if an area enclosed by the surface of the water-
stopping agent does not include any bubbles, or includes
only bubbles whose entire circumierence 1s surrounded by
the water-stopping agent, 1t 1s possible to efliciently improve
the water-stopping performance of the water-stopping por-
tion. Even 1f there 1s a bubble whose entire circumierence 1s
surrounded by the water-stopping agent, and that 1s located
on the outer side of the conductor, this bubble 1s unlikely to
reduce the adhesion of the water-stopping agent to the
clemental wires, and 1s unlikely to aflect the water-stopping
performance of the water-stopping portion.

If, 1n a cross section of the water-stopping portion that 1s
taken perpendicular to a longitudinal axis direction of the
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imnsulated electric wire, the elemental wires located 1n an
outer circumierential portion of the conductor has a more
flattened shape than the elemental wires located inward
thereol, the elemental wire located in the outer circumfier-
ential portion of the conductor will be largely inclined with
respect to the longitudinal axis direction of the insulated
clectric wire compared to the elemental wire located inward
thereof. That 1s to say, the elemental wires located 1n the
outer circumierential portion are twisted 1n a spiral shape
with a large inclination angle, and this can serve as an
indicator that a suih

icient amount of water-stopping agent
can be held 1n the gaps between the elemental wires 1n the
exposed portion, and a superior water-stopping performance
can be realized.

IT ellipticity of the elemental wires are smaller 1n a cross
section of the water-stopping portion that 1s taken perpen-
dicular to a longitudinal axis direction of the insulated
clectric wire than 1n a cross section of the covered portion
that 1s taken perpendicular to the longitudinal axis direction
of the insulated electric wire, the elemental wires will be
arranged at a large angle with respect to the longitudinal axis
direction of the msulated electric wire 1n the Water-stopplng
portion than in the covered portion. That 1s to say, the
clemental wires are twisted with a smaller pitch in the
exposed portion than 1n the covered portion. By reducing the
twist pitch of the elemental wires in the exposed portion, the
water-stopping agent placed in a high flowability state in the
gaps between the elemental wires 1s likely to be held
between the elemental wires when the water-stopping por-
tion 1s formed. This makes 1t easy to form a water-stopping
portion having a superior water-stopping performance while
climinating an influence of dropping or flowing of the
water-stopping agent.

I1 1n the water-stopping portion, the water-stopping agent
1s placed surrounding the entire circumierence of the con-
ductor, it will be easy to realize a superior water-stopping
performance at every position of the water-stopping portion.

Alternatively, if 1n a cross section of the water-stopping
portion that i1s taken perpendicular to the longitudinal axis
direction of the insulated electric wire, a partially filled
region that covers a partial region of the conductor 1s filled
with the water-stopping agent, and superimposition of the
partially filled region along the entire water-stopping portion
in the longitudinal axis direction constitutes an area that
surrounds the entire circumierence of the conductor, only a
partial region of the conductor 1s filled with the water-
stopping agent 1 a cross section at each position of the
water-stopping portion, and thus it will be easy to suppress
the amount of use of the water-stopping agent and the outer
diameter of the water-stopping portion. On the other hand,
the distribution of the water-stopping agent when viewed in
the entire water-stopping portion in the longitudinal direc-
tion 1s such that the water-stopping agent 1s placed surround-
mg the entire circumfierence of the conductor, and thus a
suilicient water-stopping performance can be realized as the
entire water-stopping portion.

The wire harness according to the present invention
includes the above-described insulated electric wire, and
clectric connections capable of connecting to other devices
are provided at both ends of the msulated electric wire. Since
in the water-stopping portion of the mnsulated electric wire,
the gaps between the elemental wires constituting the con-
ductor are filled with the water-stopping agent, and the
surfaces of the elemental wires are in contact with only the
water-stopping agent or another elemental wire, a wire
harness having a superior water-stopping performance can
be realized. Particularly, even 1f water adheres to one of the
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clectric connections on both sides, i1t 1s possible to effec-
tively prevent the water from entering the other electric
connection along the conductors constituting the insulated
electric wire, and a device connected to this electric con-
nection.

Here, 11 one of the electric connections provided on the
both ends of the mnsulated electric wire includes a waterproof
structure for preventing entry of water from the outside, and
the other one of the electric connections does not include any
waterproot structure, and the water-stopping portion 1s pro-
vided at a position between the two electric connections,
even 1I water enters the electric connection that does not
include any waterproof structure, it 1s possible to effectively
prevent the water from entering the electric connection
including the waterproof structure along the conductors
constituting the insulated electric wire, and a device con-
nected to this electric connection. Accordingly, 1t 1s possible
to improve the effectiveness of the waterproof characteristic
with the waterproof structure formed 1n one electric con-
nection, and eflectively protect a device in which this
clectric connection 1s formed from the entry of water.

In the method for producing the insulated electric wire, in
the filling step, the gaps between the elemental wires 1n the
exposed portion are filled with a water-stopping agent made
of a curable resin composition, and then, in the curing step,
the water-stopping agent placed in the exposed portion 1s
cured while rotating the insulated electric wire around 1ts
axis. By rotating the insulated electric wire around 1ts axis,
the water-stopping agent can be cured with an increased
uniformity in the spatial distribution of the uncured water-
stopping agent. Accordingly, the water-stopping agent can
be cured at every position of the water-stopping portion with
high uniformity while adhering to the elemental wires, and
an 1nsulated electric wire provided with a water-stopping
portion having a superior water-stopping performance 1s
produced.

Here, after the completion of the filling step, rotating the
insulated electric wire around 1ts axis until the curing step 1s
started brings about a particularly advantageous eflect of
increasing the uniformity of the spatial distribution of the
uncured water-stopping agent. Accordingly, an insulated
clectric wire provided with a water-stopping portion having
a particularly superior water-stopping performance 1s easily
produced.

Also, if 1n the filling step, the gaps between the elemental
wires are filled with the water-stopping agent by bringing the
exposed portion 1nto contact with a jet flow of the water-
stopping agent, 1t will be easy to {ill the gaps between the
clemental wires with the water-stopping agent while sup-
pressing generation of a bubble.

If a density modification step 1s executed between the
partial exposure step and the filling step, the density modi-
fication step increasing distances between the elemental
wires 1n the exposed portion while increasing a density of
the conductive material per unit length in the exposed
portion, and a retightening step 1s executed after the execu-
tion of the filling step, the retightening step reducing the
distances between the elemental wires 1n the exposed por-
tion while decreasing a twist pitch of the elemental wires,
the 1ncreasing the gaps between the elemental wires 1n the
exposed portion 1n the density modification step will make
it easy to perform the filling of the gaps between the
clemental wires with the water-stopping agent in the filling
step efliciently and uniformly. Furthermore, by executing the
retightening step after the filling step, the water-stopping
agent placed in the filling step 1s easily held in the gaps
between the elemental wires, and thus the obtained insulated
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clectric wire 1s likely to have an excellent water-stopping
performance. Also, by executing the retightening step, 1n a
cross section of the water-stopping portion, the elemental
wires constituting the conductor in the exposed portion,
namely, the elemental wires located 1n the outer circumier-
ential portion of the conductor can easily have a flattened
shape.

In this case, 1n the configuration in which in the filling
step, a filled area 1n which gaps between the elemental wires

are filled with the water-stopping agent and that extends over
more than half of an area from one end to the other end of
the exposed portion 1n a radial direction, and an unfilled area
in which gaps between the elemental wires are not filled with
the water-stopping agent are provided adjacent to each other
in the radial direction of the exposed portion, even if only a
partial region of the exposed portion 1n the radial direction
1s filled with the water-stopping agent in the filling step,
executing the retightening step after the filling step makes 1t
possible for the water-stopping agent to be distributed over
a wide area of the conductor 1n the radial direction. Accord-

ingly, 1t 1s possible to form a water-stopping portion having
a superior water-stopping performance while suppressing
the amount of use of the water-stopping agent.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective side view 1llustrating an 1nsulated
clectric wire according to a first embodiment of the present
invention.

FIG. 2 1s a cross-sectional view illustrating a water-
stopping portion of the above-described insulated electric
wire.

FIG. 3 1s a cross-sectional view illustrating a water-
stopping portion 1n which a water-stopping agent includes
bubbles that are 1n contact with elemental wires.

FIGS. 4(a), 4(b), and 4(c) illustrate an insulated electric
wire according to a second embodiment of the present
invention. FIG. 4(a) 1s a side view thereof, and FIGS. 4(b)
and 4(c) are respectively cross-sectional views taken along
lines A-A and B-B 1n FIG. 4(a).

FIG. 5 1s a schematic side view illustrating a wire harness
according to an embodiment of the present invention,
together with devices connected to both ends of the wire
harness.

FIG. 6 1s a flowchart illustrating steps for producing the
insulated electric wire according to the first embodiment.

FIGS. 7(a), 7(b), and 7(c) are cross-sectional views of the
insulated electric wire, illustrating steps for producing the
insulated electric wire. FI1G. 7(a) illustrates the wire before
a water-stopping portion 1s formed, FIG. 7(b) illustrates a
partial exposure step, and FIG. 7(c¢) 1llustrates a tightening,
step.

FIGS. 8(a), 8(b), and 8(c) are cross-sectional views of the
insulated electric wire, illustrating steps for producing the
insulated electric wire. FIG. 8(a) illustrates a loosening step,
FIG. 8(b) illustrates a filling step, and FIG. 8(c) 1llustrates a
retightening step.

FIGS. 9(a) and 9(b) are cross-sectional views of the
isulated electric wire, illustrating steps for producing the
isulated electric wire. FIG. 9(a) illustrates a covering
movement step, and FIG. 9(b) illustrates a curing step.

FIGS. 10(a) and 10(d) are conceptual views illustrating
the relationship between an ellipticity and a twist pitch of the
clemental wires 1 a cross section of the conductor. FIG.
10(a) 1s a side view of a elemental wire, and FIG. 10(b) 1s
a cross-sectional view illustrating one pitch of the twist.




US 11,887,759 B2

7

FIGS. 11(a) and 11(b) are pictures of cross sections of
actually produced water-stopping portions. FIG. 11(a)

shows the cross-section according to an example, and FIG.
11(») shows the cross-section according to a comparative
example.

DESCRIPTION OF EMBODIMENTS

A detailed description of an 1nsulated electric wire, a wire
harness, and a production method for producing the 1nsu-
lated electric wire according to embodiments of the present
invention will now be provided with reference to the draw-
ngs.
| Configuration of Insulated Electric Wire According to First
Embodiment]

Overview of Insulated Electric Wire

FI1G. 1 1llustrates an overview of an insulated electric wire
1 according to a first embodiment of the present invention.
The 1nsulated electric wire 1 includes a conductor 2 in which
a plurality of elemental wires 2a¢ made of a metal material
are twisted together, and an msulation covering 3 that covers
the outer circumierence of the conductor 2. A water-stopping,
portion 4 1s formed 1n a middle portion of the insulated
clectric wire 1 1n a longitudinal axis direction thereof.

The elemental wires 2a constituting the conductor 2 may
be made of any kind of conductive material, and copper 1s
typically used as the material of the conductor of the
insulated electric wire. Instead of copper, metal matenals
such as aluminum, magnesium, and 1ron may also be used.
The metal material may be an alloy. Examples of other metal
materials that can be used to form an alloy include 1ron,
nickel, magnesium, silicon, and combinations thereof. All of
the elemental wires 2a may be made of the same metal
material, or may include elemental wires 2a made of mul-
tiple metal materials

There 1s no particular limitation to the twist structure of
the elemental wires 2a of the conductor 2, but a simple twist
structure 1s preferable 1 view of, for example, easily
increasing distances between the elemental wires 2a when
the water-stopping portion 4 1s formed. For example, a twist
structure 1 which the elemental wires 2a are collectively
twisted all together 1s preferred rather than a master-slave
twist structure 1n which a plurality of strands each contain-
ing a plurality of twisted elemental wires 2a are gathered and
turther twisted. Also, there 1s no particular limitation to the
diameter of the whole conductor 2 and the diameter of each
clemental wire 2a. However, the eflect and significance of
filling minute gaps between the elemental wires 2a 1n the
water-stopping portion 4 with the water-stopping agent 3 to
improve reliability of the water-stopping characteristic is
greater as the diameters of the whole conductor 2 and each
clemental wire 2a are smaller, and thus 1t 1s preferable that
the cross section of the conductor be about 8 mm~ or smaller
and the diameter of individual elemental wires be about 0.45
mm or smaller.

There 1s no particular limitation to the material constitut-
ing the insulation covering 3 as long as it 1s an insulating
polymer material. Examples of such matenials include a
polyvinyl chloride (PVC) resin and an olefin-based resin. In
addition to the polymer material, a filler or an additive may
be contained as appropriate. Further, the polymer matenal
may be cross-linked.

The water-stopping portion 4 includes an exposed portion
10 1n which the insulation covering 3 1s removed from the
outer circumierence of the conductor 2. In the exposed
portion 10, gaps between the elemental wires 2a constituting,
the conductor 2 are filled with the water-stopping agent 5.
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Preferably, 1n the exposed portion 10, the water-stopping
agent 5 also covers the outer circumierence of the conductor
2 continuously from the gaps between the elemental wires
2a 1n the exposed portion 10. Furthermore, as shown 1n FIG.
1, the water-stopping agent 5 1s preferably placed on the
outer circumierences of end portions of covered portions 20
adjacent to both sides of the exposed portion 10, that 1s, the
outer circumierences of end portions of the insulation cov-
ering 3 1n areas in which the insulation covering 3 covers the
outer circumierence of the conductor 2, continuously from
the gaps between the elemental wires 2a and the outer
circumierential portion of the conductor 2 1n the exposed
portion 10. In this case, the water-stopping agent 5 continu-
ously covers the outer circumierence, specifically i the
present embodiment, the entire circumierential portion of an
area extending from an end portion of the covered portion 20
located on one side of the exposed portion 10 to an end
portion of the covered portion 20 located on the other side
of the exposed portion 10. Further, the water-stopping agent
5 fills up the areas between the elemental wires 2a 1n the
exposed portion 10 continuously from that outer circumfier-
ential portion. A distribution of the water-stopping agent 5 1n
the water-stopping portion 4 will be described 1n detail later.

There 1s no particular limitation to the material constitut-
ing the water-stopping agent 5 as long as 1t 1s a resin
composition through which a fluid such as water 1s unlikely
to pass and that can exhibit a water-stopping performance.
However, the water-stopping agent 5 1s preferably made of
a thermoplastic resin composition or a curable resin com-
position due to the reason that 1t easily fills up the gaps
between the elemental wires 2a 1n a high flowability state,
for example. By placing such a resin composition 1n a high
flowability state between the elemental wires 2a and on the
outer circumierences (outer circumierential areas) of end
portions of the exposed portion 10 and the covered portions
20, and then bringing the resin composition to a low
flowability state, it 1s possible to reliably form a water-
stopping portion 4 having a superior water-stopping perior-
mance. Among the materials, a curable resin 1s preferably
used as the water-stopping agent 5. A curable resin 1s a resin
having one or more of types of curability such as heat
curability, light curability, moisture curability, two-compo-
nent curability, and anaerobic curability. Specifically, the
resin composition constituting the water-stopping agent 35
preferably has light curability, specifically ultraviolet cur-
ability, in view of curing the water-stopping agent 5 placed
in gaps between the elemental wires 2a and in the outer
circumierential areas of the end portions on the exposed
portion 10 and the covered portions 20 1n a short time, and
forming the water-stopping portion 4 with a highly uniform
distribution of the water-stopping agent 5. Furthermore, the
resin composition constituting the water-stopping agent 3
preferably has anaerobic curability, that 1s, the property of
being cured upon contact with a metal 1n a state 1n which
molecular oxygen 1s blocked, in view of curing the water-
stopping agent S 1n a state 1n which 1t adheres to the surface
of the elemental wires 2a.

There 1s no particular limitation to the specific type of the
resin constituting the water-stopping agent 5. Examples of
the resin 1include silicone resins, acrylic resins, epoxy resins,
and urethane resins. To the resin material, various kinds of
additives can be appropriately added as long as the charac-
teristics of the resin material as the water-stopping agent 3
are not deteriorated. Also, 1t 1s preferable to use only one
type of water-stopping agent 5 in view of simplicity of the
configuration, but two or more types of water-stopping agent
5 may also be combined or stacked, for example, as appro-
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priate. The water-stopping agent 5 1s preferably made of an
insulating material in view of insulating the conductor 2
from the outside.

It 1s preferable that the water-stopping agent 5 be a resin
composition having a viscosity of at least 4 Pa-s, more
preferably at least 5 Pa-s, still more preferably at least 10
Pa-s upon filling. This 1s because, when the water-stopping
agent 5 1s placed at the areas between the elemental wires 2a
and on the outer circumierential areas, especially on the
outer circumierential areas, the water-stopping agent 3
hardly drops or flows and 1s likely to stay at the areas with
high uniformity. On the other hand, 1t 1s preferable that the
viscosity of the water-stopping agent 5 upon filing be kept
at 200 Pa-s at the most. This 1s because, when the viscosity
1s not too high, the water-stopping agent 5 1s likely to
permeate 1nto the areas between the elemental wires 2a
suiliciently.

As described above, when the gaps between the elemental
wires 2a 1n the exposed portion 10 are filled with the
water-stopping agent 3, water stopping 1s realized at the
areas between the elemental wires 2a, and a fluid such as
water 1s prevented from entering the areas between the
elemental wires 2a from the outside. Also, even i1f water
enters a gap between the elemental wires 2a 1n one portion
of the 1nsulated electric wire 1, the water 1s prevented from
moving to another portion of the insulated electric wire 1
along the elemental wires 2a. For example, water adhering
to one end of the insulated electric wire 1 can be prevented
from moving toward the other end of the msulated electric
wire 1 through a gap between the elemental wires 2a.

If the water-stopping agent 5 covers the outer circumier-
ential portion of the conductor 2 1n the exposed portion 10,
the water-stopping agent 5 also has the function of physi-
cally protecting the exposed portion 10. In addition, i1 the
water-stopping agent 5 1s made of an insulating material, the
water-stopping agent 5 also has the function of insulating the
conductor 2 in the exposed portion 10 from the outside.
Also, since the water-stopping agent 3 also covers the outer
circumierences of the end portions of the covered portions
20 adjacent to the exposed portion 10 as one piece, water
stopping 1s possible between the insulation covering 3 and
the conductor 2. That 1s to say, a fluid such as water 1s
prevented from entering the gap between the insulation
covering 3 and the conductor 2 from the outside. Also, even
iI water enters a gap between the msulation covering 3 and
the conductor 2 in one portion of the msulated electric wire
1, the water 1s prevented from moving to another portion of
the msulated electric wire 1 through the gap between the
insulation covering 3 and the conductor 2. For example,
water adhering to one end of the insulated electric wire 1 can
be prevented from moving toward the other end of the
insulated electric wire 1 through the gap between the 1nsu-
lation covering 3 and the conductor 2.

Note that 1n the present embodiment, the water-stopping
portion 4 1s provided in a middle portion of the insulated
clectric wire 1 1n the longitudinal axis direction thereof 1n
view of the magnitude of demand, easiness in increasing the
distances between the elemental wires 2a, and the like, but
the same water-stopping portion 4 may also be provided at
an end portion of the imsulated electric wire 1 1n the
longitudinal axis direction thereof. In this case, another
member such as a terminal may be connected to the end
portion of the insulated electric wire 1, or no member may
be connected thereto. Also, the water-stopping portion 4
covered with the water-stopping agent 5 may include, 1n
addition to the conductor 2 and the insulation covering 3,
another member such as a connection member. Examples of

10

15

20

25

30

35

40

45

50

55

60

65

10

the case where the water-stopping portion 4 includes another
member include a case where the water-stopping portion 4
includes a splice portion 1 which a plurality of insulated
clectric wires 1 are joined to each other.
State of Distribution and Cross Section of Water-Stopping
Agent 1n Water-Stopping Portion

As described above, 1n the water-stopping portion 4 of the
isulated electric wire 1 according to the present embodi-
ment, the area including the gaps between the elemental
wires 2a constituting the conductor 2 1n the exposed portion
10 1s filled with the water-stopping agent 5. In order to
realize a water-stopping portion 4 having a sufliciently good
water-stopping performance, the spatial distribution of the
water-stopping agent 5 in the water-stopping portion 4 1s
essential. Hereinafter, the spatial distribution of the water-
stopping agent 5 will be described with reference to the
cross-sectional views of water-stopping portions 4 and 4' 1n
FIGS. 2 and 3. FIG. 2 shows a cross section of the water-
stopping portion 4 of the isulated electric wire 1 with a

superior water-stopping performance according to the pres-
ent embodiment, taken perpendicular to the longitudinal axis
direction of the insulated electric wire 1. FIG. 3 shows a
cross section of a water-stopping portion 4' that 1s unlikely
to exhibit a suflicient water-stopping performance, taken
perpendicular to the longitudinal axis direction of the 1nsu-
lated electric wire 1. Hereinafter, unless otherwise noted, in
the description of the states of the distributions and cross
sections of the water-stopping agent 5 1n the water-stopping
portions 4 and 4', the cross section refers to a cross section
of the water-stopping portion 4 or 4', taken perpendicular to
the longitudinal axis direction of the msulated electric wire
1.

As shown 1n FIG. 2, 1n an area enclosed by a surface 5a
of the water-stopping agent 35 1n the water-stopping portion
4 of the msulated electric wire 1 according to the present
embodiment, the surface of elemental wires 2a 1s 1n contact
with the water-stopping agent 3 or other elemental wires 2a.
In other words, the surface of each elemental wire 2a
included in the conductor 2 i1s 1 contact with the water-
stopping agent 5 or another elemental wire 2a adjacent to
that elemental wire 2a, and 1s not in contact with any
substance other than the water-stopping agent 5 and the
constituent material of the elemental wires 2a, such as
bubbles B in which a defect of the water-stopping agent 5 1s
filled with air, and liqmd bubbles formed as a result of a
liguid such as water entering the bubble B. The water-
stopping agent 5 densely fills up the gaps between the
clemental wires 2a and adheres to the surface of the elemen-
tal wires 2a without the interposition of any bubble B or the
like.

FIG. 3 shows the water-stopping portion 4' 1n which the
surfaces of some elemental wires 2a are partially in contact
with bubbles B, 1n contrast to the water-stopping portion 4
in FIG. 2. In FIG. 3, four elemental wires 2a denoted by the
reference numeral 24" are in contact with bubbles B. When
there are bubbles B that are 1n contact with the elemental
wires 2a 1n this way, the bubbles B serve as an entry path for
water and increase the likelithood that water enters an area
between the elemental wires 2a. Also, when an external
force 1s applied to the water-stopping portion 4', for
example, the bubbles B may function as a start position at
which damage such as a crack occurs, and water may enter
an area between the elemental wires 2a via the generated
damaged portion. The water that has entered the area
between the elemental wires 2a via the bubbles B or the
damaged portion may move to another portion of the 1nsu-
lated electric wire 1 such as the covered portion 20 via the
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clemental wires 2a. Accordingly, 11 a bubble B 1s present that
1s 1n contact with a elemental wire 2a 1n the water-stopping
agent 5 constituting the water-stopping portion 4', 1t 1s
difficult to sufliciently increase the water-stopping pertor-
mance of the water-stopping portion 4'.

In contrast, as shown 1n FIG. 2, when the surface of the
clemental wires 2aq 1s 1n contact with the water-stopping
agent 5 or another elemental wire 2a, and no bubble B that
1s 1n contact with a elemental wire 2a 1s present 1n the area
enclosed by the surface 5a of the water-stopping agent 5, a
situation where water enters an area between the elemental
wires 2a via a bubble B, or where a bubble B causes damage
that may serve as an entry path for water 1s unlikely to occur.
In the water-stopping portion 4, the water-stopping agent 3
adhering to the surfaces of the elemental wires 2a can
cllectively prevent entry of water into an area between the
clemental wires 2a. It 1s also possible to eflectively prevent
water that has entered an area between the elemental wires
2a 1 one portion of the insulated electric wire 1 from
moving to another portion of the insulated electric wire 1
along the elemental wires 2a. Thus, by bringing the surface
of the elemental wires 2a in the water-stopping portion 4
into contact with the water-stopping agent 5 or another
clemental wire 2q, and eliminating any bubbles B that are 1n
contact with the elemental wires 2a, 1t 1s possible to con-
figure a water-stopping portion 4 having a superior water-
stopping performance.

Here, the surface of a elemental wire 2a may be in contact
with the water-stopping agent 5 or another elemental wire
2a, but a better water-stopping performance can be realized
when the surface 1s 1n contact only with the water-stopping
agent 5, because by directly adhering to the elemental wire
2a, the water-stopping agent 5 particularly eflectively pre-
vents this elemental wire 2a from coming into contact with
water. However, also when the surface of a elemental wire
2a 1s 1n contact with another elemental wire 2a, water cannot
enter a contact interface between the two adjacent elemental
wires 2a that are in contact with each other, and a sufliciently
good water-stopping performance can be ensured. Due to the
absence of bubbles B that are in contact with the elemental
wires 2a, the positional relationship between the adjacent
clemental wires 2a hardly changes, and a state 1n which
water cannot enter the contact interface between the adjacent
clemental wires 2a 1s maintained.

The cross section of the water-stopping portion 4 may
include bubbles B that are not 1n contact with any elemental
wire 2a but are surrounded over their entire circumierence
by the water-stopping agent 3, rather than bubbles B that are
in contact with a elemental wire 2a as shown i FIG. 3.
Ideally, 1t 1s preferable that no kind of bubble B 1s included
in the area enclosed by the surface 5a of the water-stopping
agent 5, but even if there 1s a bubble B, this will not
significantly reduce the water-stopping performance of the
water-stopping portion 4 as long as the bubble B 1s not in
contact with a elemental wire 2a. For example, there may be
bubbles B whose entire circumierence 1s surrounded by the
water-stopping agent 3 on the outer side of the area consti-
tuted by the conductor 2. Also, in the configuration shown in
FIG. 2, there 1s such a bubble B whose entire circumiference
1s surrounded by the water-stopping agent 3 on the outer side
of the conductor 2.

Note that, as described above, bubbles B that are in
contact with a elemental wire 2a are a cause of a reduction
in the water-stopping performance, but if, for example, the
required level of water-stopping performance 1s low, a
desired water-stopping performance may be satisfied despite
of the presence of bubbles B that are in contact with a
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clemental wire 2a, as long as the amount or the size of such
bubbles B 1s small. For example, in a cross section of the
water-stopping portion 4, 1t 1s preferable that the sum of the
cross-sectional areas of bubbles B that are 1n contact with the
clemental wires 2a be not more than 5% of the sum of the
cross-sectional areas of the elemental wires 2a. It 1s also
preferable that the cross-sectional area of each bubble B that
1s 1n contact with a elemental wire 2a be not more than 80%
of the cross-sectional area of one elemental wire 2a. On the
other hand, even bubbles B whose entire circumference 1s
surrounded by the water-stopping agent 5 and that are not 1n
contact with a elemental wire 2¢ may aflect the water-
stopping performance of the water-stopping portion 4, 1f
they are located close to the elemental wire 2a. Accordingly,
it 1s preferable that a bubble B and a elemental wire 2a be
provided at a distance of at least 30% of the diameter of the
clemental wire 2a, and the space therebetween be filled with
the water-stopping agent 5.

Furthermore, 1t 1s preferable that, 1n a cross section of the
water-stopping portion 4, the elemental wires 2a located in
the outer circumierential portion of the conductor 2 have a
more flattened shape than the elemental wires 2a located
inward thereof. Also 1n FIG. 2, elemental wires 2al located
in the outer circumierential portion of the conductor 2 have
a flattened and substantially ellipsoidal cross-section.
Elemental wires 242 located imnward of the elemental wires
2al, which are located 1n the outer circumierential portion
of the conductor, have a less flattened cross-section.

If the elemental wires 2a constituting the conductor 2 are
twisted 1n a gentle spiral shape with a relatively small
inclination angle, the axial direction of the elemental wires
2a 1s oriented 1 a direction close to the longitudinal axis
direction of the insulated electric wire 1, and thus a cross
section of the elemental wire 2a taken perpendicular to the
longitudinal axis direction of the mnsulated electric wire 1
has a shape that 1s substantially circular and 1s less flattened.
By contrast, 11 the elemental wires 2a constituting the
conductor 2 are twisted 1 a steep spiral shape with a
relatively large inclination angle, the axial direction of the
clemental wires 2a 1s oriented 1n a direction largely inclined
with respect to the longitudinal axis direction of the insu-
lated electric wire 1, and thus 1f a elemental wire 2a 1s cut
perpendicular to the longitudinal axis direction of the 1nsu-
lated electric wire 1, the elemental wire 2a will be cut at an
angle with respect to the axis direction of the elemental wire
2a. Accordingly, the cross section of the elemental wire 2a
has a flattened shape that can be approximated to an ellipse.
Thus, the above description of the elemental wires 2al
located 1n the outer circumierential portion of the conductor
2 1n the cross section of the water-stopping portion 4 having
a more flattened shape than the elemental wires 242 located
inward thereof means that the elemental wires 2a1 located 1n
the outer circumierential portion of the conductor 2 are
twisted 1n a steep spiral shape with a large inclination angle,
compared to the spiral shape of the inner elemental wires
2a2.

As described above, the water-stopping portion 4 can be
formed by filling the areas between the elemental wires 2a
with the water-stopping agent 5 1n a high flowability state,
and then decreasing the flowability, and by twisting the
clemental wires 2al located in the outer circumierential
portion of the conductor 2 1n a steep spiral state with a large
inclination angle with the areas between the elemental wires
2aq filled with the water-stopping agent 3 in a high flowabil-
ity state, the water-stopping agent 5 filling up the areas is
unlikely to drop or tlow to the outside of the conductor 2,
and stay in the areas between the elemental wires 2a with
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high uniformity. As a result, the areas between the elemental
wires 2a are filled with a sutlicient amount of water-stopping,
agent 5, and a water-stopping portion 4 having a superior
water-stopping performance 1s easily formed. Specifically,
when, as will be described later as a method for producing
the msulated electric wire 1, a production method 1s used in
which the distances between the elemental wires 2a 1n the
exposed portion 10 are increased while increasing the den-
sity of the conductive material per unit length 1n the exposed
portion 10 (density modification step), and 1n this state, the
gaps between the elemental wires 2aq are filled with the
water-stopping agent 5 (filling step), and after the fillin
step, the distances between the elemental wires 2a 1n the
exposed portion 10 are reduced while decreasing the twist
pitch of the elemental wires 2a (retightening step), the
cross-sectional shape of the elemental wires 2al 1n the outer
circumierential portion of the conductor 2 1s likely to be
flattened, and 1t 1s thus advantageous in that the water-
stopping agent 5 1s easily held in the gaps between the
elemental wires 2a. Thus, the feature of the elemental wires
2al 1n the outer circumierential portion of the conductor 2
having a flattened cross-sectional shape 1s an indicator used
when a water-stopping portion 4 having a superior water-
stopping performance 1s formed.

An ellipticity can be used as a specific indicator for
evaluating the level of flatness of the cross-sectional shape
of the elemental wires 2a. The ellipticity 1s obtained by
dividing the length of the short axis (short diameter) of a
cross-sectional shape by the length of the long axis (long
diameter), 1.e. (short diameter/long diameter). The smaller
the value of the ellipticity 1s, the more flattened the cross-
sectional shape 1s. In a cross section of the water-stopping
portion 4, the ellipticity of the elemental wires 2al located
in the outer circumierential portion of the conductor 2
preferably has a value less than the value of the ellipticity of
the elemental wires 242 located inward thereof. Further-
more, the ellipticity of the elemental wires 2al located 1n the
outer circumierential portion of the conductor 2 1s preferably
not greater than 0.95. This brings about an effect of config-
uring the water-stopping portion 4 1 which a suilicient
amount of water-stopping agent 5 1s held between the
clemental wires 2a, and has a superior water-stopping per-
formance. On the other hand, the ellipticity of the elemental
wires 2al located 1n the outer circumierential portion of the
conductor 2 1s preferably at least 0.50. This makes it possible
to suppress a difference in the actual length between the
clemental wires 2al located 1n the outer circumierential
portion of the conductor and the elemental wires 242 located
inward thereof within a range in which the above-described
ellect of improving the water-stopping performance 1s not
saturated.

It 1s preferable that 1n a cross section of the water-stopping
portion 4, the ellipticity of the elemental wires 2al located
in the outer circumierential portion of the conductor 2 be
smaller than the ellipticity of the elemental wires 2a2
located 1nward thereof, and the ellipticities of the elemental
wires 2al and 242 1n a cross section of the water-stopping
portion 4, particularly, the ellipticity of the elemental wires
2al located in the outer circumierential portion be smaller
than the values of the ellipticities of the elemental wires 2a
in a cross section of the covered portion 20 (specifically, a
later-described remote area 22) that 1s taken perpendicular to
the longitudinal axis direction of the insulated electric wire
1. This means that the twist pitch of the elemental wires 2a
1s smaller 1n the exposed portion 10 constituting the water-
stopping portion 4 than in the covered portions 20. As
described above, with the production method 1n which the
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distances between the elemental wires 2a 1n the exposed
portion 10 are increased (density modification step), and in
this state, the gaps between the elemental wires 2a are filled
with the water-stopping agent 5 (filling step), and after the
filling step, the distances between the elemental wires 2a 1n
the exposed portion 10 are reduced while decreasing the
twist pitch of the elemental wires 2a (retightening step), an
advantageous eflect of easily holding the water-stopping
agent 5 1 the gaps between the elemental wires 2a 1s
realized. Also, by decreasing the twist pitch of the elemental
wires 2a 1n the exposed portion 10 relative to the twist pitch
in the covered portions 20 1n the retightening step, the eflect
ol holding the water-stopping agent 5 1n the gaps between
the elemental wires 2a 1s particularly improved. Accord-
ingly, the feature of the ellipticity of the elemental wires 2a
in a cross-section being smaller in the exposed portion 10
than 1n the covered portion 20 functions as a good indicator
for use when the water-stopping portion 4 having a superior
water-stopping performance 1s formed.

The following will describe the relationship between the
cllipticity and the twist pitch of the elemental wires 24 1n a
cross-section with reference to simplified models shown 1n
FIG. 10. In FIG. 10(a), a elemental wire 2a with an outer
diameter d 1n a solid line 1s twisted while being inclined by
an angle 0, from a state in a dotted line in which the
clemental wire 2a 1s oriented along the axis of the insulated
clectric wire 1. When the inclined elemental wire 2a 1s cut
along a cross-section S that 1s perpendicular to the axis of the
insulated electric wire 1, the ellipticity £ of the elemental
wire 2a 1s given as ¢=d/a, where a 1s the length of the long
axis of the cross-section. Because of a=d/cosh, c=cos0.
Here, as shown in FIG. 10(b), for one pitch of a twist
structure expressed by a length p, the elemental wire 2a 1s
regarded as moving along the radial direction by a distance
nL.. At this time, the inclination angle 0 1s given by O=arctan
(mL/p). Here, when the twist pitch 1s multiplied by n, and the
inclination angle 1s On, On=arctan(nl/np)=arctan(tan 0/n).
As described above, when the inclination angle of the
clemental wire 2a 1s 0, the ellipticity of a cross section of the
clemental wire 2a 1s given as €é=cos0, and when the incli-
nation angle 1s 0 , the ellipticity 1s given as e=cosO =cos
(arctan(tan 0/n). This 1s a monotonically increasing function
with respect to n. That 1s to say, the ellipticity € of the
clemental wire 2a 1n a cross-section increases the larger the
twist pitch of the elemental wire 2q 1s. If seven elemental
wires 2a are twisted together to constitute the conductor 2,
it 1s possible to approximate L=2d, as indicated by the dotted
line 1n FIG. 10(b). Note that examples of the method for
measuring the outer diameter d of a elemental wire 2a
include a measurement method using a laser measuring
device. In this case, values obtained by performing mea-
surement about thirty times at several diflerent positions 1n
the longitudinal direction of the elemental wire 2a may be
averaged and the obtained average may be used as the outer
diameter d. If the conductor 2 1s covered with the msulation
covering 3, the insulation covering 3 may be removed by
shaving using a stripper or a cutter, burning off, or the like,
and then the measurement may be performed.

Furthermore, a water-stopping agent filling rate can be
used as an indicator for evaluating whether or not the gaps
between elemental wire 2aq 1n the water-stopping portion 4
are 11lled with a suflicient amount of water-stopping agent 5.
A water-stopping agent filling rate 1s defined as a ratio of an
area (Al) of a region between the elemental wires 2q filled
with the water-stopping agent 5 to an area (A0) of a region
enclosed by the conductor 2 1n a cross section of the
water-stopping portion 4 (A1/A0x100%). For example, in a
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cross section of the water-stopping portion 4, using the area
(A0Q) of the polygonal region obtained by connecting the
centers ol the elemental wires 2al located in the outer
circumierential portion of the conductor 2 together as a
reference, a water-stopping agent filling rate can be calcu-
lated as a ratio of the area (Al) of the region filled with the
water-stopping agent 5 to the area (A0). For example, 11 the
water-stopping agent filling rate 1s at least 5%, and specifi-
cally at least 10%, 1t 1s concervable that the gaps between the
clemental wires 2a are filled with an amount of water-
stopping agent 5 that 1s suflicient for ensuring a superior
water-stopping performance. On the other hand, the water-
stopping agent filling rate 1s preferably kept at not greater
than 90%, 1 view of avoiding the use of an excessive
amount of water-stopping agent 5.

Also, as described above, the surface of a elemental wire
2a may be 1n contact with the water-stopping agent 5, or may
be 1n contact with another elemental wire 2a, but 1t 1s
preferable that the surface be in contact only with the
water-stopping agent 5 1n view of easily ensuring a superior
water-stopping performance. Based on this view, 1n a cross
section ol the water-stopping portion 4, the sum of the
lengths of the portions 1n the circumierence of the elemental
wires 2a that are not 1n contact with adjacent elemental wires
2a but are 1n contact with the water-stopping agent 3 1s
preferably at least 80% of the sum of the circumierential
lengths of all the elemental wires 2a. Also, since 1t 1s easier
to fill a gap between elemental wires 2a with the water-
stopping agent S when the distance between the adjacent
clemental wires 2a 1s sufliciently large, it 1s preferable that
a cross section of the water-stopping portion 4 include a
portion 1n which the distance between adjacent elemental
wires 2a 1s at least 30% of the outer diameter of the
clemental wires 2a.

The distribution of the water-stopping agent 5 i the
water-stopping portion 4 also aflects the characteristics of
the water-stopping portion 4 other than the water-stopping,
performance. As described above, by placing the water-
stopping agent 5 not only 1n the gaps between the elemental
wires 2a 1n the water-stopping portion 4 but also in the outer
circumierential portion of the conductor 2, the water-stop-
ping agent 5 can function as a protection member and an
insulating member for the conductor 2. In this case, the
uniformity 1n the physical characteristics of the layer of the
water-stopping agent 5 can be increased the more uniform
the thickness of the layer of the water-stopping agent 3
placed on the outer circumierence of the conductor 2 1n the
circumierential direction of the conductor 2 1s, and the
water-stopping agent 5 has good characteristics as a protec-
tion member and an msulating member. For example, 11 the
thickness of the layer of the water-stopping agent 3 largely
varies, the material strength or the water-stopping perfor-
mance of the water-stopping agent 3 may be impaired 1n a
portion 1n which the layer thickness of the water-stopping
agent 5 1s low, while the water-stopping agent 5 1s likely to
be damaged due to a contact with an external object 1n a
portion 1n which the layer thickness of the water-stopping
agent 5 1s high. However, such a situation can be easily
avoided when the layer of the water-stopping agent 3 has a
highly uniform thickness, and a high and umiform perfor-
mance 1s likely to be realized over the entire circumierence.

The unmiformity in the thickness of the layer of the
water-stopping agent 5 can be evaluated using 1ts eccentric-
ity. The thickness of the layer of the water-stopping agent 3
in a cross section of the water-stopping portion 4 can be
measured as a distance T between the surface 3a of the
water-stopping agent 5 and the outer circumierence of the
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conductor 2. Also, for the measured distance T, an eccen-
tricity can be estimated as a ratio of the minimum value of
the entire circumierence to the maximum value thereof
(minimum value/maximum valuex100%). If this eccentric-
ity 1s defined as at least 70%, the thickness of the water-
stopping agent 5 has sufliciently high uniformity, and 1t 1s
casy to form the water-stopping portion 4 that has a superior
water-stopping performance and good characteristics as a
protection member and an insulating member.

A preferred aspect of the state such as the distribution of
the water-stopping agent 5 1n a cross section of the water-
stopping portion 4 has been described, in view of improving,
the characteristics of the water-stopping portion 4 such as
the water-stopping performance. Here, a cross-section serv-
ing as an evaluation target may be a representative portion
ol the water-stopping portion 4, for example, a cross section
of a central portion of the water-stopping portion 4 in the
longitudinal axis direction. In this cross-section serving as
cvaluation target, 1t 1s preferable that the above-described
features be satisfied.

Difference in State of Electric Wire Conductor Between 1n
Water-Stopping Portion and 1n Another Portion

As described above, in the water-stopping portion 4 of the
insulated electric wire 1 according to the present embodi-
ment, 1t 1s preferable that a cross-section have a predeter-
mined state such as a distribution state of the water-stopping,
agent 5, 1 view of improving the characteristics of the
water-stopping portion 4 such as the water-stopping perfor-
mance. In addition, 1t 1s further advantageous 1 view of
placing and holding the water-stopping agent 5 1n a prede-
termined region such as the gaps between the elemental
wires 2a, when the state of the conductor 2 in the exposed
portion 10 included 1n the exposed portion 4 has the fol-
lowing features, in comparison with the state of the con-
ductor 2 1 another portion of the msulated electric wire 1.

First, in the insulated electric wire 1, preferably, the
density of the metal material per umit length (per unit length
ol the 1nsulated electric wire 1 1n the longitudinal axis) 1s not
uniform and has a nonuniform distribution. Note that each of
the eclemental wires 2a 1s defined as a wire having a
substantially uniform diameter continuously along the entire
longitudinal axis of the msulated electric wire 1. In the
present specification, the state where the density of the metal

material per unit length 1s different between areas 1s defined
as a state where the diameter and the number of the
clemental wires 2a are constant, but the state of assembly of
the elemental wires 2a such as the state of twist of the
clemental wires 2q 1s diflerent.

Specifically, it 1s preferable that the density of the metal
material of the conductor 2 per unit length be higher in the
exposed portion 10 than 1n the covered portions 20 covered
by the isulation covering 3. However, the density of the
metal material per unit length may be partially lower in
adjacent areas 21 of the covered portions 20 that are 1imme-
diately adjacent to the exposed portion 10 than in the
exposed portion 10. In other words, the density of the metal
material per unit length 1s higher 1n the exposed portion 10
than at least in remote areas 22 of the covered portions 20
other than adjacent areas 21. In the remote areas 22, the state
of the conductor 2 such as the density of the metal material
per umt length 1s substantially equal to the state of the
insulated electric wire 1 in which no water-stopping portion
4 1s formed. Note that possible reasons why the density of
the metal material can be reduced 1n the adjacent areas 21
include that the metal material 1s shifted to the exposed
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portion 10, and that the conductor 2 1s deformed to ensure
the continuation between the exposed portion 10 and the
covered portions 20.

FIG. 9(b) schematically illustrates a state of the conductor
2 having the density distribution of the metal material as
described above. In FIGS. 7 to 9, the area inside the
conductor 2 1s hatched, and the higher the density of
hatching 1s, the smaller the twist pitch of the elemental wires
2a 18, that 1s, the smaller the distances between the elemental
wires 2a are. Further, the larger the width (vertical length) of
the area representing the conductor 2 i1s, the larger the
diameter of the conductor 2 1s. Those parameters 1n the
drawings only schematically show the relative relationship
ol the sizes between the areas, and are not proportional to the
twist pitch of the elemental wires 2a or the diameter of the
conductor. Furthermore, the parameters in the drawings are
discontinuous between different regions, but 1n the actual
insulated electric wire 1, the state of the conductor 2 changes
continuously between these regions.

As shown i FIG. 9(b), the conductor 2 has a larger
diameter in the exposed portion 10 than 1n the remote areas
22 of the covered portions 20, and thus has a larger amount
of metal material contained as the elemental wires 2a per
unit length 1 the exposed portion 10. Accordingly, by
increasing the density of the metal material per unit length
in the exposed portion 10 and the actual length of the
clemental wires 2a included per unit length, it 1s possible to
realize a state 1n which the elemental wires 2a are loosened,
the distances between the elemental wires 2a are increased,
and large gaps between the elemental wires 2a are secured,
and thus the water-stopping agent 5 can permeate the gaps
between the elemental wires 2a 1n this state, as will be
described i detail later as a method for producing the
insulated electric wire 1. As a result, the water-stopping
agent 5 1s more likely to permeate the gaps between the
clemental wires 2a, and thus every part of the exposed
portion 10 can be filled with the water-stopping agent 3
casily and highly uniformly.

Furthermore, 1t 1s preferable that the twist pitch of the
clemental wires 2a be smaller 1in the exposed portion 10 than
the twist pitch 1n the remote areas 22 of the covered portions
20, 1n addition to the density of the metal material per unit
length that 1s higher 1n the exposed portion 10 than 1n the
remote areas 22 of the covered portions 20. This 1s because
the fact that the twist pitch of the elemental wires 2a 1s
smaller 1n the exposed portion 10 and the distances between
the elemental wires 2a are smaller 1n the exposed portion 10
also brings about an effect of improving the water-stopping
performance. That 1s to say, if the distances between the
clemental wires 2a are reduced during formation of the
water-stopping portion 4 in which the gaps between the
clemental wires 2a are filled with the water-stopping agent
5 1n a high flowability state, the water-stopping agent 3 1s
likely to stay in the gaps between the elemental wires 2a
uniformly without dropping or tlowing. If the flowability of
the water-stopping agent 5 1s reduced from this state, a
superior water-stopping performance can be obtained 1n the
exposed portion 10. Also, as a result of the twist pitch being
smaller 1n the exposed portion 10 than in the remote areas
22, 1t 1s possible to suppress the conductor diameter 1n the
exposed portion 10 so that 1t 1s not too large compared to the
conductor diameter of the remote areas 22, even if the
density of the metal material per unit length 1s higher in the
exposed portion 10 than 1n the remote areas 22. Accordingly,
the outer diameter of the entire water-stopping portion 4 can
be made substantially the same as the outer diameter of the
insulated electric wire 1 1n the remote areas 22, or can be
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suppressed so as not to be much larger than that i the
remote areas 22. As described above, by reducing the twist
pitch of the elemental wires 2al located 1n the outer cir-
cumierential portion of the conductor 2 1n the exposed
portion 10, the elemental wires 2a1 are largely inclined, and
the cross-sectional shape of the elemental wires 2al 1n the
cross section ol the water-stopping portion 4 1s flattened.
Also, by reducing the twist pitch of the elemental wires 2a
in the water-stopping portion 4 (exposed portion 10) relative
to 1n the covered portions 20, the ellipticity of the elemental
wires 2a 1n a cross-section 1s smaller in the exposed portion
10 than in the covered portions 20.

[Insulated Electric Wire According to Second Embodiment]

In the above-described 1nsulated electric wire 1 according,
to the first embodiment of the present invention, the water-
stopping agent S 1s placed 1n the area of the exposed portion
10 that surrounds the entire circumierence of the conductor
2. However, the water-stopping agent 5 does not necessarily
need to be placed in the region that surrounds the entire
circumierence of the conductor 2 to form a water-stopping
portion having a suflicient water-stopping periformance.
Thus, the following will shortly describe an aspect in which
the conductor 2 1s only partially filled with the water-
stopping agent 3, as an isulated electric wire 1A according
to a second embodiment of the present invention. The
following will describe only differences from the above-
described insulated electric wire 1 according to the first
embodiment, and structures common with the insulated
clectric wire 1 according to the first embodiment are shown
using the same reference signs and descriptions thereof are
omitted.

FIG. 4 schematically show an insulated electric wire 1A
according to the second embodiment of the present inven-
tion. In a water-stopping portion 4A of this insulated electric
wire 1A, the water-stopping agent 5 does not surround the
entire circumierence of the conductor 2 constituting the
exposed portion 10 but covers only a partial region. Spe-
cifically, as shown 1n FIGS. 4(b) and 4(c), 1n a cross section
ol the water-stopping portion 4A taken along the longitudi-
nal axis direction of the insulated electric wire 1A, the
water-stopping agent 5 1s placed 1n only partially filled
regions 51 and 52 that cover a partial region of the conductor
2. That 1s to say, the water-stopping agent 3 fills up areas that
are enclosed by surfaces S1a and 52a of the water-stopping
agent 5 constituting the partially filled regions 51 and 52,
including gaps between the elemental wires 2a. In the areas
enclosed by the surfaces 51a and 52a of the water-stopping
agent 5, the surface of the elemental wires 2a 1s 1n contact
with the water-stopping agent 3 or another elemental wire
2a, and 1s not 1n contact with another substance such as a
bubble B.

In a cross section of the water-stopping portion 4A at
positions located 1in the longitudinal axis direction, only the
partially filled regions (51, 52, . . . ) that cover a partial
region of the conductor 2 are filled with the water-stopping
agent 5, but when the water-stopping portion 4A 1s viewed
as a whole, the water-stopping agent 5 1s placed surrounding
the entire circumierence of the conductor 2. That 1s to say,
superimposition of the partially filled regions (31, 52, .. . ),
which are partially filled 1n a cross-section, along the entire
water-stopping portion 4A in the longitudinal axis direction
constitutes the region that surrounds the entire circumfier-
ence of the conductor 2. For example, in the shown con-
figuration, the partially filled region 51 that 1s filled with the
water-stopping agent 5 in the A-A cross-section in FI1G. 4(b)
1s formed covering more than the upper half (corresponding

to the front side of FIG. 4(a)) of the conductor 2. On the
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other hand, the partially filled region 52 that 1s filled with the
water-stopping agent 5 1n the B-B cross-section 1n FIG. 4(c¢)
1s formed covering more than the lower half (corresponding
to the rear side of FIG. 4(a)) of the conductor 2. When the
partially filled regions 51 and 52 1n the cross sections at two
positions are superimposed on each other, a region that
surrounds the entire circumierence of the conductor 2 1s
formed as shown 1n dotted lines 1n FIGS. 4(5) and 4(c), with
the two partially filled regions 51 and 52 partially overlap-
ping each other in a central portion in the vertical direction.

In the shown configuration, as shown in FIG. 4(a), the
partially filled regions (31, 52, . . . ) extend 1n the longitu-
dinal axis direction of the water-stopping portion 4A while
continuously changing the angle with respect to the center of
the conductor 2. That 1s to say, the water-stopping agent 5 1s
placed 1 a spiral form extending in the longitudinal axis
direction of the conductor 2. If the spiral 1s provided for one
or more pitch, the superimposition of the partially filled
regions (51, 52, . . . ) along the entire water-stopping portion
4A 1n the longitudinal axis direction constitutes the area
surrounding the entire circumierence of the conductor 2.

Accordingly, 1n the exposed portion 10, the water-stop-
ping agent 5 1s not necessarily placed so as to surround the
entire circumference of the conductor 2, and 1t 1s suflicient
to configure the water-stopping portion 4A so that the
water-stopping agent 5 1s placed surrounding the entire
circumierence of the conductor 2 when the water-stopping
portion 4A 1s viewed as a whole. Thus, 1t 1s possible to
configure the water-stopping portion 4A having a certain
level of water-stopping performance, although the water-
stopping performance 1s poorer than that of a water-stopping
portion 1 which the water-stopping agent 5 1s placed
surrounding the entire circumierence of the conductor 2. As
a result, 1t 1s possible to reduce the amount of use of the
water-stopping agent 5, while ensuring a water-stopping,
performance. Reducing the amount of use of the water-
stopping agent 5 also leads to a reduction 1n the outer
diameter of the water-stopping portion 4A.

As described above, the partially filled regions (51,
52, . .. ) may have any shape and area in a cross section of
the water-stopping portion 4A at each position, as long as the
superimposition of the partially filled regions (51, 52, .. . )
along the entire water-stopping portion 4A 1n the longitudi-
nal axis direction can constitute the region that surrounds the
entire circumierence of the conductor 2. However, 1n view
of obtaining a superior water-stopping performance at every
position, 1t 1s preferable that the partially filled regions (31,
52, . . . ) at each position be set so as to surround a region
whose area 1s more than half of the area of the conductor 2,
as shown 1n FIGS. 4(b) and 4(c¢).

Also, as described above, when the water-stopping agent
5 1s placed 1n a spiral shape along the longitudinal axis
direction of the conductor 2, a sufliciently good water-
stopping performance can be realized by arranging the spiral
for at least one pitch, but 1t 1s possible to further improve the
water-stopping performance by increasing the number of
turns. On the other hand, also by reducing the number of
turns of the spiral in which the water-stopping agent 3 1s to
be provided with an increase 1n the areas of the partially
filled regions (531, 52, . . . ) 1n a cross section of the
water-stopping portion 4A at each position, a superior water-
stopping performance can be realized. If, as shown 1n FIGS.
4(b) and 4(c), the partially filled regions (51, 52, ... ) at each
position 1s set so as to cover a region whose area 1s more than
half of the area of the conductor 2, the spiral may be
arranged for a half pitch.
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| Wire Harness]

A wire harness 6 according to an embodiment of the
present invention includes the above-described insulated
clectric wire 1 with the water-stopping portion 4 according
to the first embodiment of the present mvention (or the
insulated electric wire 1A with the water-stopping portion
4 A according to the second embodiment; the same applies to
section “Wire Harness” below). FIG. 3§ illustrates an
example ol the wire harness 6 according to the present
embodiment. The insulated electric wire 1 constituting the
wire harness 6 1s provided with, at the respective ends
thereof, electric connections 61 and 63 such as connectors
that are capable of connecting to other device Ul and U2.
The wire harness 6 may include, 1n addition to the above-
described msulated electric wire 1 according to the embodi-
ment, another type of msulated electric wire (not shown).

The wire harness 6 may employ any type of electric
connections 61 and 63 provided at the respective ends of the
insulated electric wire 1, and any type of devices Ul and U2
to which the electric connections 61 and 63 are connected,
but an appropriate isulated electric wire 1 1s such that one
end thereol 1s waterproof while the other end 1s not water-
prool, 1n view of eflicient use of the water-stopping perfor-
mance with the water-stopping portion 4.

As such an embodiment, the first electric connection 61
provided at one end of the isulated electric wire 1 includes
a waterproolf structure 62, as shown in FIG. 5. An example
of the waterproof structure 62 1s such that the connector
constituting the first electric connection 61 1s provided with
a rubber stopper for sealing a space between a connector
housing and a connector terminal. With the waterproof
structure 62, even 1f water adheres to the surface or the like
of the first electric connection 61, the water 1s unlikely to
enter the first electric connection 61.

On the other hand, the second electric connection 63
provided at the other end of the msulated electric wire 1 does
not include a waterproof structure as included in the first
clectric connection 61. Accordingly, if water adheres to the
surface or the like of the second electric connection 63, the
water may enter the second electric connection 63.

The exposed portion 10 1n which the conductor 2 1s
exposed 1s formed in a middle portion of the insulated
clectric wire 1 constituting the wire harness 6, that 1s, at a
position between the first electric connection 61 and the
second electric connection 63, and 1n an area that includes
this exposed portion 10, the water-stopping portion 4 filled
with the water-stopping agent 5 1s formed. There 1s no
particular limitation to the specific position and number of
the water-stopping portions 4, but at least one water-stop-
ping portion 4 1s preferably provided at a position closer to
the first electric connection 61 than the second electric
connection 63, in view of eflectively suppressing the influ-
ence of water on the first electric connection 61 that has the
waterproot structure 62.

The wire harness 6 including electric connections 61 and
63 at both ends of the 1nsulated electric wire 1 can be used
to electrically connect two devices Ul and U2. For example,
the first device Ul to which the first electric connection 61
having the waterprootf structure 62 1s connected may be a
device such as an electric control unit (ECU) that requires
waterprooiing. On the other hand, the second device U2 to
which the second electric connection 63 without any water-
prool structure 1s connected may be a device that does not
require waterproofing.

As aresult of the insulated electric wire 1 constituting the
wire harness 6 including the water-stopping portion 4, even
if water that has externally entered the wire harness 6 moves
along the elemental wires 2a constituting the conductor 2, 1t
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1s possible to suppress the movement of the water along the
insulated electric wire 1 from progressing beyond the water-
stopping portion 4. That 1s to say, 1t 1s possible to suppress
external water from moving beyond the water-stopping
portion 4, reaching the electric connections 61 and 63 at both
ends, and further entering the devices Ul and U2 connected
to the electric connections 61 and 63. For example, even 11
water adhering to the surface of the second electric connec-
tion 63 without any waterproot structure enters the second
clectric connection 63, and moves along the 1nsulated elec-
tric wire 1 via the elemental wires 2a constituting the
conductor 2, the movement of the water 1s stopped by the
water-stopping agent 5 with which the water-stopping por-
tion 4 1s filled. As a result, the water cannot move to the side
on which the first electric connection 61 1s provided beyond
the water-stopping portion 4, and can neither reach the
position of the first electric connection 61 nor enter the first
clectric connection 61 and the first device Ul. By suppress-
ing water movement by the water-stopping portion 4 in this
way, 1t 1s possible to efliciently use the waterproof charac-
teristics with the waterproof structure 62 with respect to the
first electric connection 61 and the device Ul.

The effect of suppressing movement of water using the
water-stopping portion 4 provided on the insulated electric
wire 1 1s realized regardless of the position at which the
water adheres, the cause thereol, or the environment when or
aiter the water adheres. For example, when the wire harness
6 1s installed in an automobile, water that has entered a
portion of the isulated electric wire 1, such as a gap
between the elemental wires 2a, from the non-waterproof
second electric connection 63 can be efliciently prevented
from entering the first electric connection 61 having the
waterprool structure 62 and the first device Ul, due to
capillary action or cold breathing. “Cold breathing™ refers to
a phenomenon 1 which, when the first electric connection
61 having the waterproof structure 62 and the first device Ul
are heated when the automobile 1s driven for example, and
then heat 1s discharged, the pressure on the first electric
connection 61 side becomes lower and the pressure on the
second electric connection 63 side becomes relatively
higher, so that a difference 1n pressure occurs along the
insulated electric wire 1, and water adhering to the second
clectric connection 63 climbs toward the first electric con-
nection 61 and the first device Ul.

[Method for Producing Insulated Electric Wire]

The following will describe an example of a method for
producing the insulated electric wire 1 according to the
above-described first embodiment. The insulated electric
wire 1A according to the second embodiment can also be
produced 1n substantially the same production method, and
only steps 1n which a different operation 1s performed will be
described focusing on the differences.

FIG. 6 schematically illustrates the production method. In
this method, the water-stopping portion 4 1s formed in a
partial area of the insulated electric wire 1 1n the longitudinal
axis direction thereof by performing: (1) a partial exposure
step; (2) a density modification step; (3) a filling step; (4) a
retightening step; (5) a covering movement step; and (6) a
curing step, in this order. The density modification step (2)
may include: (2-1) a tightening step; and subsequently (2-2)
a loosening step. The steps will be explained below. Note
here that a case i which the water-stopping portion 4 1s
formed 1n a middle portion of the 1nsulated electric wire 1
will be described, specific operations in the steps and the
order of the steps may be adjusted as appropriate 1 accor-
dance with details of the configuration of a water-stopping
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portion 4 to be formed, such as a position at which the
water-stopping portion 4 1s to be formed.
(1) Partial Exposure Step

First, in the partial exposure step, an exposed portion 10
as shown i FIG. 7(b) 1s formed in a continuous linear
insulated electric wire 1 as shown 1n FIG. 7(a). The covered
portions 20 are provided adjacent to the both sides of the
exposed portion 10 1n the longitudinal axis direction thereof.

In an example of the method for forming such an exposed
portion 10, a substantially ring-shaped slit 1s formed 1n the
outer circumierence of the insulation covering 3 substan-
tially at the center of the area 1n which the exposed portion
10 1s to be formed. Then, the regions of the insulation
covering 3 located on both sides of the slit are held from
their outer circumierence, and are pulled apart along the
axial direction of the insulated electric wire 1 (movement
M1). Along with this movement, the conductor 2 1s exposed
between the regions of the insulation covering 3 on both
sides. In such a way, the exposed portion 10 1s formed
adjacent to the covered portions 20.

(2) Density Modification Step

Although the filling step may be performed and the gaps
between the elemental wires 2a constituting the conductor 2
in the exposed portion 10 may be filled with the water-
stopping agent 3 directly after the exposed portion 10 1n
which the conductor 2 1s exposed has been formed 1n the
partial exposure step, it 1s preferable to perform the density
modification step before the filling step.

In the density modification step, a non-uniform distribu-
tion of the density of the metal material 1s formed among the
exposed portion 10 on the one hand, and the adjacent areas
21 and the remote areas 22 of the covered portions 20 on the
other hand, and the distances between the elemental wires 24
of the conductor 2 are increased 1n the exposed portion 10.
Specifically, the non-uniform distribution of the density of
the metal material 1s formed such that the density of the
metal material per unit length 1s higher in the exposed
portion 10 than i1n the remote areas 22. Such density distri-
bution can be formed at the same time as when increasing
the distances between the elemental wires 2a 1n the exposed
portion 10 1n the tightening step and the subsequent loos-
ening step, for example.

By performing the density modification step, it 1s possible
to place, in the subsequent filling step, the water-stopping
agent 5 with high uniformity 1n a state in which the gaps
between the elemental wires 2a are widened. Since the
water-stopping agent 5 easily permeates even minute gaps
between the elemental wires 2a, 1t 1s possible to reduce or
suppress a space that 1s not filled with the water-stopping
agent 5 and remains as bubbles B.

(2-1) Tightening Step

As shown 1n FIG. 7(c), 1n the tightening step, the twist of
the elemental wires 2a 1n the exposed portion 10 1s tempo-
rarily tightened relative to the original state. Specifically, the
insulated electric wire 1 1s twisted and rotated 1n the direc-
tion of the twist of the elemental wires 2a so that the twist
1s further tightened (movement M2). With this, the twist
pitch of the elemental wires 2a 1n the exposed portion 10 1s
reduced, and the distances between the elemental wires 2a
are reduced.

During this operation, when the covered portions 20
located on the both sides of the exposed portion 10 are
externally held at portions adjacent to the exposed portion
10, and the conductor 2 i1s twisted so that the holding
portions (1.e., holding portions 30) are rotated in mutually
opposite directions, the conductor 2 can be unwound from
the holding portions 30 toward the exposed portion 10. As
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a result of the unwinding of the conductor 2, the twist pitch
of the elemental wires 2a in the holding portions 30 1is
increased relative to the original pitch, and the density of the
metal matenial per umt length 1s reduced from the original
density, as shown 1n FIG. 7(c). Consequently, a portion of
the metal material originally located 1n the holding portions
30 1s shifted to the exposed portion 10, and the twist pitch
of the elemental wires 2a 1n the exposed portion 10 1is
reduced by this shift. Also, the density of the metal material
per unit length 1n the exposed portion 10 1s increased. Note
that 1t 1s preferable that a force of holding the insulated
clectric wire 1 1n the holding portions 30 from the outer
circumierential side be suppressed enough to allow the
relative movement of the conductor 2 with respect to the
insulation covering 3, in view of smoothly unwinding the
conductor 2 from the holding portions 30 toward the
exposed portion 10.

(2-2) Loosening Step

Thereafter, as shown 1 FIG. 8(a), in the loosening step,
the twist of the elemental wires 2a 1n the exposed portion 10
1s loosened again from the state where the twist has been
tightened 1n the tightening step. The twist can be loosened by
simply releasing the holding of the holding portions 30 or by
holding the holding portions 30 and twisting and rotating the
holding portions 30 1n the direction opposite to the tighten-
ing direction of the tightenming step, that 1s, the direction
opposite to the twist direction of the conductor 2 (movement
M3).

During the operation, the portions of the conductor 2
unwound from the holding portions 30 located on the both
sides of the exposed portion 10 1n the tightening step do not
tully return into the areas covered with the insulation
covering 3 due to the rigidity of the conductor 2, and at least
partially remain 1n the exposed portion 10. As a result, the
twist of the elemental wires 2a of the conductor 2 1s
loosened with the conductor 2 unwound to the exposed
portion 10, and thus a state 1s realized in which the elemental
wires 2a whose actual length 1s larger than the length before
the tightening step 1s performed are bent and disposed 1n the
exposed portion 10. That 1s, as shown 1n FIG. 8(a), 1n the
exposed portion 10, the diameter of the area constituted
entirely by the conductor 2 1s larger than the diameter before
the tightening step 1s performed (in FIG. 7(b)), and the
density of the metal material per unit length 1s increased. The
twist pitch of the elemental wires 2a 1n the exposed portion
10 1s at least larger than the twist pitch 1n the state where the
twist 1s tightened 1n the tightening step, and 1s larger than the
twist pitch before the tightening step 1s performed depending,
on the degree of looseming. In view of increasing the
distances between the elemental wires 2a, the twist pitch of
the elemental wires 2a 1n the exposed portion 10 1s prefer-
ably larger than the twist pitch before the tightening step 1s
performed.

After the loosening step, the holding portions 30 of the
covered portions 20 where the insulation covering 3 was
held externally 1n the tightening step serve as the adjacent
areas 21 1n which the density of the metal material per unit
length 1s lower than that 1n the exposed portion 10, and 1s
also lower than that in the state before the tightening step 1s
performed. The areas of the covered portions 20 that have
not functioned as the holding portions 30 in the tightenming,
step, that 1s, the areas distanced from the exposed portion 10,
are defined as the remote areas 22. In the remote areas 22,
the states of the conductor 2, such as the density of the metal
material per unit length and the twist pitch of the elemental
wires 2a, do not substantially change from the states before
the tightening step 1s performed. The portion of the metal
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material 1n the adjacent areas 21 obtained as a result of the
reduction 1n the density per unit length 1s shifted to the
exposed portion 10, and contributes to increasing the density
of the metal material per unit length 1n the exposed portion
10. As a result, the exposed portion 10 has the highest
density of the metal maternial per unit length, the remote
areas 22 have the next highest density, and the adjacent areas
21 have the lowest density.

(3) Filling Step

Next, in the filling step, the gaps between the elemental
wires 2a 1n the exposed portion 10 are filled with the highly
flowable water-stopping agent 3, as shown 1n FIG. 8(b). The
filling operation with the water-stopping agent 5 may be
performed by mtroducing liquid resin composition into the
gaps between the elemental wires 2a using an appropriate
method such as application, immersion, dripping, and injec-
tion that corresponds to such properties of the water-stop-
ping agent 5 as viscosity.

In the filling step, 1n addition to filling the gaps between
the elemental wires 2a with the water-stopping agent 5, 1t 1s
preferable to also place the water-stopping agent 5 on the
outer circumierence of the conductor 2 in the exposed
portion 10. To this end, for instance, the amount of the
water-stopping agent 5 to be introduced into the exposed
portion 10 only needs to be set such that the water-stopping
agent S 1s left even after the gaps between the elemental
wires 2a are filled. In this case, the water-stopping agent 5
may be placed on, 1n addition to the outer circumierence of
the exposed portion 10, the outer circumierential portion of
the msulation covering 3 at the end portions of the covered
portions 20. However, 1f the covering movement step 1s
performed after the filling step, the water-stopping agent 3
introduced into the exposed portion 10 may be partially
moved onto the outer circumierential portion of the 1nsula-
tion covering 3 1n the covered portions 20 1n the covering
movement step. Accordingly, 1t 1s suilicient that the water-
stopping agent 5 1s placed on the outer circumierence of the
exposed portion 10 1in addition to the gaps between the
clemental wires 2a.

As the above-described insulated electric wire 1 accord-
ing to the first embodiment, when the water-stopping agent
5 1s placed 1n the water-stopping portion 4 so as to surround
the entire circumierence of the conductor 2, it 1s preferable
that in the filling step, the water-stopping agent 5 1s placed
in the area that surrounds the entire circumierence of the
conductor 2 constituting the exposed portion 10. On the
other hand, as the msulated electric wire 1A according to the
second embodiment, when the water-stopping agent 5 1s
placed only 1n the partially filled regions (51, 32, . . . ) that
cover a partial region of the conductor 2 1n a cross section
of the water-stopping portion 4A at each position, 1t 1s
suflicient to place the water-stopping agent 5 only 1n the
partial area 1 a cross-section at each position of the con-
ductor 2 constituting the exposed portion 10 in the longitu-
dinal axis direction. Preferably, a filled area in which gaps
between the elemental wires 2a are filled with the water-
stopping agent 5 1s provided adjacent to an unfilled area 1n
which gaps between the elemental wires 2a are not filled
with the water-stopping agent 5 in the radial direction of the
conductor 2 constituting the exposed portion 10. At this
time, 1t 1s preferable that the filled area be provided so as to
extend over more than half of the distance (diameter of the
conductor 2) from one end to the other end of the conductor
2 constituting the exposed portion 10 1n the radial direction.
For example, when the water-stopping agent 5 1s placed by
immersion, it 1s suflicient to immerse an area that corre-
sponds to a lower partial area of the conductor 2, preferably,
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an area that corresponds to the lower half of the conductor
2 or greater 1n the water-stopping agent 5, and form the filled
area on the lower side and the unfilled area on the upper side.

Since the distances between the elemental wires 2a 1n the
exposed portion 10 are increased 1n the density modification
step and then the water-stopping agent 5 1s introduced nto
the exposed portion 10 in the filling step, the water-stopping,
agent 5 easily permeates the widened spaces between the
clemental wires 2a. Accordingly, the water-stopping agent 3
can easily permeate every part of the exposed portion 10
evenly with high uniformity. Consequently, after the water-
stopping agent 3 1s cured, a reliable water-stopping portion
4 having an excellent water-stopping performance can be
formed. Also, even 1f the water-stopping agent 5 has a
relatively high wviscosity such as 4 Pa-s or higher, the
water-stopping agent 5 can permeate the gaps between the
clemental wires 2a¢ with high uniformity by sufliciently
increasing the gaps between the elemental wires 2a.

As described above, a predetermined portion of the insu-
lated electric wire 1 such as an area between the elemental
wires 2a may be filled with the water-stopping agent 5 by
any method such as application or immersion. However, the
portion 1s preferably filled with the water-stopping agent 3
by 1immersion, in view of improving the uniformity 1n filling,
with the water-stopping agent 5 or operability when water-
stopping portions 4 are formed in a plurality of insulated
clectric wires 1.

For example, a jet device for jetting the water-stopping
agent 5 1s preferably used to immerse the predetermined
portion of the insulated electric wire 1 1n the water-stopping
agent 5. At this time, 1t 15 also possible to bring the 1nsulated
clectric wire 1 1nto contact with the jet flow of the water-
stopping agent 5 while rotating the insulated electric wire
around 1its axis, in order to place the water-stopping agent 3
with high uniformaity.

In the filling step, the amount or distribution of bubbles B
in the water-stopping portion 4 to be formed can be con-
trolled based on the conditions when introducing the water-
stopping agent 5 mto a predetermined portion imncluding the
gaps between the elemental wires 2a. By mtroducing the
water-stopping agent 5 with a relatively low flow rate, 1t 1s
possible to suppress the generation of bubbles 1n the liquid
water-stopping agent 5, and reduce the number and the size
of bubbles B to be formed 1n the water-stopping portion 4
including bubbles B that come 1n contact with a elemental
wire 2a. For example, when the filling step 1s performed
using a jet device as described above, the gaps between the
clemental wires 2aq are likely to be filled with the water-
stopping agent 5 with high uniformity even with a low tlow
rate of the water-stopping agent 3, and thus it 1s possible to
form a water-stopping portion 4 while suppressing the
generation of bubbles B.

On the other hand, when the water-stopping agent 3 1s
introduced with a high flow rate of the water-stopping agent
5, bubbles are likely to occur in the uncured liquid water-
stopping agent 5 due to generation of bubbles derived from
air dissolved 1n the water-stopping agent 5, external invo-
lution of air, or the like. If the water-stopping agent 5 1s
cured 1 this state, bubbles B will be generated in the
water-stopping portion 4. For example, when the water-
stopping agent 3 1s forced to be drawn 1nto the gaps between
the elemental wires 2a by inserting a portion of the insulated
clectric wire 1 that 1s to be filled with the water-stopping
agent 3 1into a container, and applying a negative pressure to
the 1nside of the container, a gas component dissolved 1n the
water-stopping agent 5 1s likely to form bubbles when the
water-stopping agent 35 1s drawn. Also, when the water-
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stopping agent 5 1s forced to be drawn with a negative
pressure, an air layer 1s likely to be formed at a portion 1n the
downstream of the flow of the water-stopping agent 5. Due
to these factors, after the curing of the water-stopping agent
5, bubbles B are likely to be formed 1n the water-stopping
portion 4 including a portion adjacent to a elemental wire 2a.
When the gaps between the elemental wires 2q are filled
with the water-stopping agent 5 under a pressurized condi-
tion as 1n the configuration disclosed 1n Patent Document 1,
bubbles B are also likely to be formed in the water-stopping
portion 4, due to an air layer being formed in accordance
with the flow of the water-stopping agent 5.

(4) Retightening Step

After the completion of the filling step, the retightening
step 1s performed as shown 1n FIG. 8(c¢), and the distances
between the elemental wires 2a are reduced 1n the exposed
portion 10 in the state in which the gaps between the
clemental wires 2a are filled with the water-stopping agent
5. Similar to the aforementioned tightening step in the
density modification step for example, this step can be
performed such that the covered portions 20 located on the
both sides of the exposed portion 10 are held at the adjacent
areas 21 externally from the insulation covering 3, and the
conductor 2 1s twisted and rotated in the direction of the
twist of the elemental wires 2a so that the twist of the
clemental wires 2a 1s tightened (movement M4). Note that
in contrast to the tightening step, an operation of unwinding
the conductor 2 to the exposed portion 10 1s not performed
in the retightening step.

When the gaps between the elemental wires 2a 1n the
exposed portion 10 are narrowed 1n the retightening step, the
water-stopping agent 5 1s confined 1n the narrowed gaps.
Thus, the water-stopping agent 3 1s likely to stay 1n the gaps
between the elemental wires 2a without tflowing or dropping
until the fluidity of the water-stopping agent 5 1s sufliciently
lowered due to curing or the like. Accordingly, after the
water-stopping agent 5 1s cured, a reliable water-stopping,
portion 4 having an excellent water-stopping performance 1s
casily formed. To increase the eflect, it 1s preferable that the
twist pitch of the elemental wires 2a 1n the exposed portion
10 be reduced i the retightening step. For instance, 1t 1s
preferable that after the retightening step, the twist pitch of
the elemental wires 2a be smaller 1n the exposed portion 10
than 1n the adjacent areas 21 as well as 1n the remote areas
22. After the retightening, 1n a cross section of the formed
water-stopping portion 4 taken perpendicular to the longi-
tudinal axis direction of the insulated electric wire 1, the
cross-sectional shape of the elemental wires 2al located 1n
the outer circumierential portion of the conductor 2 1s likely
to be flattened. Also, the ellipticity of the elemental wires 2a
in the cross-section taken perpendicular to the longitudinal
axis direction of the insulated electric wire 1 1s likely to be
smaller 1n the water-stopping portion 4 than in the covered
portions 20. As described above, those features 1n which the
clemental wires 2aql1 located in the outer circumierential
portion of the conductor 2 have a flattened cross-sectional
shape and the ellipticity of the elemental wires 2al 1 a
cross-section 1s smaller 1n the water-stopping portion 4 than
in the covered portions 20 serve as an indicator used when
a suflicient amount of water-stopping agent 5 1s held
between the elemental wires 2a.

Also, by performing the retightening step, rearrangement
of the water-stopping agent 5 with which the areas between
the elemental wires 2a are filled 1s facilitated, and the
uniformity 1n the distribution of the water-stopping agent 3
1s improved. For example, even 11 bubbles B are generated
in the water-stopping agent 3 after the completion of the
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filling step, the water-stopping agent 5 may move during the
execution of the retightening step, and the bubbles B may be
filled and discarded by the water-stopping agent 5 that has
moved from the surrounding portion. Furthermore, by per-
forming the retightening step, 1t 1s also possible to improve
the uniformity 1n the distribution of the water-stopping agent
5 1n the circumierential direction of the conductor 2. Spe-
cifically, 1n the production of the msulated electric wire 1A
according to the second embodiment, when a filled area and
an unfilled area are provided adjacent to each other in the
radial direction of the exposed portion 10 such as the vertical
direction 1n the filling step, and the conductor 2 1s twisted 1n
the retightening step, the water-stopping agent 5 placed in
the filled area spreads over the extensive area of the con-
ductor 2. For example, a state 1s easily obtained in which the
water-stopping agent 5 1s placed in a spiral shape over the
entire circumierence of the conductor 2.

The retightening step 1s preferably performed while the
water-stopping agent 5 filling up the gaps between the
elemental wires 2a 1s flowable, that 1s, before the water-
stopping agent 5 1s cured or during the curing process, ii the
water-stopping agent 5 1s made of a curable resin compo-
sition. Accordingly, the retightening operation 1s unlikely to
be 1mpaired by the water-stopping agent 5.

Specifically, when the aforementioned filling step 1s per-
formed by immersing the insulated electric wire 1 i the
water-stopping agent 5 using the jet device or the like, the
retightening step 1s preferably performed 1n a state in which
the insulated electric wire 1 1s 1mmersed in the water-
stopping agent 5. This can easily avoid a situation where the
water-stopping agent 5 1s unwound and removed from the
gaps between the elemental wires 2a due to the retightening
operation 1tsell. For example, preferably, after the predeter-
mined portion of the msulated electric wire 1 including the
exposed portion 10 has been brought 1nto contact with the jet
flow of the water-stopping agent 5, and the water-stopping
agent 5 has been placed into the gaps between the elemental
wires 2a or the like as the filling step, the retightening step
1s performed by twisting and rotating the conductor 2
(movement M4) while the insulated electric wire 1 1s 1n
contact with the jet tlow.

(5) Covering Movement Step

Next, in the covering movement step, as shown 1n FIG.
9(a), the regions of the insulation covering 3 located 1n the
covered portions 20 on the both sides of the exposed portion
10 are moved towards the exposed portion 10, approaching
cach other (movement M5). Similar to the retightening step,
the covering movement step 1s preferably performed while
the water-stopping agent 5 filling up the exposed portion 10
1s flowable, that 1s, before the water-stopping agent 5 1is
cured or during the curing process, ii the water-stopping
agent 5 1s made of a curable resin composition. The covering
movement step and the retightening step may also be
performed substantially 1n a single operation. As described
above, when the filling step 1s performed by immersing the
insulated electric wire 1 in the water-stopping agent 5 using
the jet device or the like, and the retightening step 1s
performed 1n this state, preferably, the covering movement
step 1s also performed 1n the state 1n which the insulated
clectric wire 1 1s immersed 1n the water-stopping agent 5.

Even 11 there 1s an area i which the gaps between the
clemental wires 2a cannot be filled with the suilicient
amount of water-stopping agent 3 1n the filling step at an end
of the exposed portion 10 or the like, the water-stopping
agent 5 will reach such an area in the covering movement
step, and a state will be realized in which the gaps between
the elemental wires 2a are filled with the water-stopping
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agent 5 1n the entire exposed portion 10 in which the
conductor 2 1s exposed. Furthermore, a part of the water-
stopping agent 5 placed on the outer circumierence of the
conductor 2 in the exposed portion 10 can be moved to the
outer circumierence of the insulation covering 3 in the
covered portions 20. Thus, the water-stopping agent 3 1s
continuously placed over three areas, namely, the gaps
between the elemental wires 2a 1n the exposed portion 10,
the outer circumierence of the conductor 2 in the exposed
portion 10, and the outer circumierences of the parts of the
insulation covering 3 at the ends of the covered portions 20.

Since the water-stopping agent 5 1s placed over the three
areas, 1t 1s possible to form a water-stopping portion 4 that
has an excellent water-stopping performance in the areas
between the elemental wires 2a, has an outer circumierence
physically protected and electrically insulated, and has an
excellent water-stopping performance between the conduc-
tor 2 and the 1nsulation covering 3, using the same material
at the same time, after the completion of the subsequent
curing step. The covering movement step may be omitted 1f,
in the filling step, a suflicient amount of water-stopping
agent 5 can be introduced into an area extending over the
entire exposed portion 10, and further to an area including
the end portions of the covered portions 20 located on the
both sides of the exposed portion 10, for example.

(6) Curing Step

Finally, the water-stopping agent 5 1s brought to a less
flowable state 1n the curing step. If the water-stopping agent
5 1s made of various types of curable resin composition, a
curing method that corresponds to the type only needs to be
used. That 1s to say, i1f the water-stopping agent 5 has heat
curability, 1t may be cured by heating, if the water-stopping
agent 3 has light curability, 1t may be cured by light
irradiation, 1f the water-stopping agent 3 has moisture cur-
ability, 1t may be cured by humidification, and 1f the water-
stopping agent 5 has anaerobic curability, 1t may be cured
with time 1n a state 1n which the water-stopping agent 5 1s
in contact with the conductor 2. After the curing step, an
insulated electric wire 1 provided with a water-stopping
portion 4 having an excellent water-stopping performance
can be obtained.

In the curing step, as shown 1n FIG. 9(b), the nsulated
clectric wire 1 1s preferably rotated around its axis (move-
ment M6) until the water-stopping agent S 1s fully cured.
Moreover, 1f after the completion of the filling step, the
retightening step and the covering movement step, time 1s
required before the curing step 1s started, due to moving the
insulated electric wire 1 between the processing devices, or
the like, 1t 1s preferable to rotate the insulated electric wire
1 also for that time.

I1 the water-stopping agent 3 1s cured without rotating the
insulated electric wire 1 around its axis, that 1s, while the
insulated electric wire 1 remains unmoved, the uncured
water-stopping agent 3 will drop 1n accordance with gravity,
and the water-stopping agent 5 will be cured 1n a state 1n
which a thicker layer of the water-stopping agent 5 1s formed
at a lower position 1n the gravity direction than at a higher
position. Thus, after curing the water-stopping agent 5, the
conductor 2 1s likely to be eccentric in the water-stopping
portion 4 (the eccentricity 1s likely to be low).

Accordingly, by performing the curing step while rotating
the 1nsulated electric wire 1 around 1ts axis, or rotating the
insulated electric wire 1 around its axis before the curing
step 1s started, the uncured water-stopping agent 5 1s
unlikely to stay at one position in the circumierential direc-
tion of the mnsulated electric wire 1, and the layers of the
water-stopping agent 5 are likely to have a highly uniform
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thickness around the entire circumierence. Thus, the eccen-
tricity of the conductor 2 1n the water-stopping portion 4 1s
reduced (the eccentricity 1s likely to be high), making it
possible to realize a water-stopping portion 4 having highly
uniform water-stopping performance and physical charac-
teristics.

Also, by rotating the insulated electric wire 1 around 1ts
axis, rearrangement of the water-stopping agent 5 1s facili-
tated also 1n the areas between the elemental wires 24, and
the water-stopping agent 3 1s easily cured 1n a state 1n which
the uniformity of the distribution of the water-stopping agent
5 1s increased. For example, even if bubbles B are generated
in the water-stopping agent 5, the water-stopping agent 3
may move 1n accordance with the rotation of the insulated
clectric wire 1 around its axis, and the bubbles B may be
filled and discarded by the water-stopping agent 5 that has
moved from the surrounding region, and the water-stopping,
agent 5 may be cured in this state. Also, by rotating the
insulated electric wire 1 around 1ts axis to increase the
uniformity 1n the thickness of the layer of the water-stopping,
agent 5 1n the outer circumierential portion of the conductor
2, and curing the water-stopping agent 5 in this state, the
curing of the water-stopping agent 5 filling up every portion
of the areas between the elemental wires 2a can progress
under the condition of a high uniformity. For example, if the
water-stopping agent 5 1s made of a light curable resin
composition, mcreasing the uniformity in the thickness of
the layer of the water-stopping agent 3 formed 1n the outer
circumierential portion of the conductor 2 can increase the
uniformity 1n the intensity of light that passes through the
layer of the water-stopping agent S and reaches the areas of
the elemental wires 2a, and can increase the uniformity of
curing conditions such as a curing speed, when every portion
of the water-stopping agent 5 1s cured. As a result, 1t 1s
possible to suppress the formation of a nonuniform structure
such as bubbles B at a position, for example, at which the
water-stopping agent 5 1s not sufliciently cured, due to a
nonuniform curing condition.

Specifically, 1f the water-stopping agent 5 has light cur-
ability such as ultraviolet curability, 1t 1s possible to irradiate
the entire insulated electric wire 1 1n the circumierential
direction with the light L from the light source 80 by
performing the curing step while rotating the insulated
clectric wire 1 around 1ts axis, even 1f only one light source
80 1s used, thus making it possible to uniformly progress
light curing of the water-stopping agent 5 over the entire
circumierence. A light curing mechanism 1s often configured
to progress the curing of the water-stopping agent S with
high speed, and if a light curable resin 1s used as the
water-stopping agent 5, the water-stopping agent 5 will be
placed 1n the areas between the elemental wires 2a or on the
outer circumierence of the conductor 2 with high uniformaity
such that generation of bubbles B or eccentricity 1s sup-
pressed, making it possible to form the cured water-stopping,
portion 4 having superior water-stopping performance with
high productivity.

Example

Hereinatiter, an example of the present invention will be
described. Here, the relationship between the distribution of
the water-stopping agent and the water-stopping perfor-
mance 1n the water-stopping portion was tested. Note how-
ever that the present invention 1s not limited to this example.

10

15

20

25

30

35

40

45

50

55

60

65

30

Test Method
(1) Preparation of Samples

An msulated electric wire was prepared by covering the
outer circumierence of a copper stranded conductor having
a conductor cross-sectional area of 0.5 mm~ (diameter of
clemental wires; 0.18 mm; number of elemental wires; 20)
with a PVC 1nsulation covering having a thickness of 0.35
mm. An exposed portion having a length of 8 mm was
formed at a middle portion of the msulated electric wire.
Then, a water-stopping agent was used to form a water-
stopping portion in the exposed portion. As the water-
stopping agent, ThreeBond “3062F”, which 1s a resin having
ultraviolet curability and anaerobic curability, was used.

When forming the water-stopping agent, the steps were
executed in the order shown in the tlowchart of FIG. 6. In the
filling step, an area that surrounds the entire circumierence
of a portion of the 1nsulated electric wire that includes the
entire exposed portion was {lilled with the water-stopping
agent. Also, 1n the curing step, ultraviolet irradiation was
performed while rotating the insulated electric wire around
its axis.

Here, when a sample of the example was produced, the
filling step was executed using a jet flow under atmospheric
pressure. The retightening step and the covering movement
step were also performed 1n a state 1n which the insulated
clectric wire was 1n contact with the jet flow. On the other
hand, when a sample of a comparative example was pro-
duced, in the filling step, nstead of using a jet tlow, a
container in which the area of the msulated electric wire that
includes the exposed portion was contained was subjected to
evacuation of air using a vacuum pump, and the water-
stopping agent was drawn into the container under a nega-
tive pressure of =75 kPa, so as to be injected into the area
including the gaps between the elemental wires. The tlow
rate of the water-stopping agent at this time was greater than
the flow rate of the jet tlow according to the embodiment.
(2) Observation of Cross Section of Water-Stopping Portion

The water-stopping portions of the samples of the
example and the comparative example were cut 1n a central
portion 1n the longitudinal axis direction thereof, perpen-
dicularly to the longitudinal axis direction of the insulated
clectric wire. Then, pictures of the cross sections were taken
using an optical microscope, and the states of the cross
sections were observed.

(3) Evaluation of Water-Stopping Performance

For the water-stopping portion of each of the examples
and the comparative examples, a leakage test was conducted
to evaluate the water-stopping performance between the
elemental wires, and between the conductor and the insula-
tion covering. Specifically, a region of each insulated elec-
tric wire extending from the water-stopping portion to one
end was immersed 1n water, and an air pressure of 200 kPa
was applied from the other end of the msulated electric wire.
Then, the water-stopping portion and the end of the insulated
clectric wire that were immersed 1n the water were visually
observed.

If 1t was confirmed that no bubble was generated i any
of the portions between the elemental wires 1n the water-
stopping portion, that 1s, any of the middle portion of the
water-stopping portion and the end portions of the imnsulated
clectric wires, the water-stopping performance was evalu-
ated as excellent. On the other hand, 1t 1t was confirmed that
a bubble was generated 1n at least one of the portions, the
water-stopping performance was evaluated as poor.
Results

FIGS. 11(a) and 11(d) respectively show pictures of cross
sections ol the water-stopping portions ol the samples
according to the example and the comparative example. In
cach picture, an area observed as bright corresponds to a
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clemental wire constituting the conductor, and an area
observed as dark corresponds to the water-stopping agent.

Also, an area in the water-stopping agent observed as
relatively bright gray corresponds to a bubble.

As evaluation results of the water-stopping performance,
for the example, occurrence of a bubble was not observed
and the water-stopping performance was evaluated as excel-
lent. On the other hand, for the comparative example,
occurrence of a bubble was observed and the water-stopping
performance was evaluated as poor.

In the cross section of the water-stopping portion of the
sample according to the comparative example shown 1n FIG.
11(b), the areas between the elemental wires and 1n the outer
circumierential portion of the conductor are filled with the
water-stopping agent. However, as indicated by the arrow, a
bubble 1s formed that 1s 1n contact with a elemental wire. It
1s appreciated that the reason why the bubble was formed 1n
the water-stopping agent 1s that, when the gaps between the
clemental wires were filled with the water-stopping agent,
the water-stopping agent was forced to be drawn under the
condition of a negative pressure, and thus a bubble was
generated 1n the water-stopping agent, and the water-stop-
ping agent was cured 1n this state.

On the other hand, in the cross section of the water-
stopping portion of the sample according to the embodiment
shown 1n FIG. 11(a), the areas between the elemental wires
and 1n the outer circumierential portion of the conductor
were densely filled with the water-stopping agent, and no
bubble that 1s 1n contact with a elemental wire as shown in
FIG. 11(5) was observed. Although a small bubble 1s viewed
near the upper left of the conductor, this bubble 1s apparently
formed 1n the outer region of the conductor, and 1s not 1n
contact with a elemental wire. Accordingly, 1n the sample
according to the embodiment, the surface of each elemental
wire 1s not 1n contact with a bubble but 1s 1n contact with the
water-stopping agent or another elemental wire. It 1s appre-
ciated that the reason why the generation of a bubble was
suppressed 1s that, when the gaps between the elemental
wires were filled with the water-stopping agent, the water-
stopping agent was introduced with a relatively low flow
rate using a jet flow.

It 1s appreciated that such a difference 1n the distribution
state of the water-stopping agent retlects the difference 1n the
water-stopping performance between the embodiment and
the comparative example. That 1s to say, 1t 1s conceivable
that 1n the embodiment, the water-stopping portion was
densely filled with the water-stopping agent, and the surface
of the elemental wires was 1n contact with only the water-
stopping agent or another elemental wire, and thus the
water-stopping portion had a superior water-stopping per-
formance, whereas 1n the comparative example, a bubble
was formed that 1s 1n contact with a elemental wire, and thus
the water-stopping performance was low.

Embodiments of the present invention have been
described 1n detail but the present invention 1s 1 no way
restricted to the embodiments described above and can be
modified variously 1n a range without departing from the gist
of the present invention.

LIST OF REFERENCE NUMERALS

1, 1A Insulated electric wire
2 Conductor

2a Elemental wire

3 Insulation covering

4, 4 A Water-stopping portion
5 Water-stopping agent

10

15

20

25

30

35

40

45

50

55

60

65

32

51, 52 Partially filled region
6 Wire harness

10 Exposed portion

20 Covered portion

21 Adjacent area

22 Remote area

61 First electric connection
62 Waterproof structure

63 Second electric connection

B Bubble

The mvention claimed 1s:

1. An msulated electric wire comprising:

a conductor 1n which a plurality of elemental wires made
of a metal matenial are twisted together; and

an insulation covering that covers an outer circumierence
of the conductor:

wherein the msulated electric wire comprises:

an exposed portion 1n which the insulation covering 1s
removed from the outer circumierence of the conduc-
{or;

a covered portion 1n which the insulation covering covers
the outer circumierence of the conductor, the exposed
portion and the covered portion being provided adja-
cent to each other 1n a longitudinal axis direction of the
insulated electric wire; and

a water-stopping portion in which gaps between the
plurality of elemental wires in the exposed portion are
filled with a water-stopping agent, and

in an area enclosed by a surface of the water-stopping
agent, surfaces of the plurality of elemental wires are 1n
contact with only the water-stopping agent or another
elemental wire, and

cllipticities of the plurality of elemental wires 1n a cross
section of the water-stopping portion taken perpendicu-
lar to the longitudinal axis direction of the insulated
clectric wire are smaller than ellipticities of the plural-
ity of elemental wires 1n a cross section of the covered
portion taken perpendicular to the longitudinal axis
direction of the insulated electric wire.

2. The msulated electric wire according to claim 1,

wherein 1n a cross section of the water-stopping portion
that 1s taken perpendicular to the longitudinal axis
direction of the insulated electric wire, an elemental
wire located 1n an outer circumierential portion of the
conductor has a more flattened shape than an elemental
wire located inward of the outer circumierential portion
of the conductor.

3. The msulated electric wire according to claim 1,

wherein the area enclosed by the surface of the water-
stopping agent does not include any bubble, or includes
only bubbles whose entire circumiference 1s surrounded
by the water-stopping agent, and that are located on an
outer side of the conductor.

4. The msulated electric wire according to claim 1,

wherein in the water-stopping portion, the water-stopping
agent 1s placed surrounding an entire circumierence of
the conductor.

5. The msulated electric wire according to claim 1,

wherein the water-stopping agent fills a partially filled
region which covers partial regions of the conductor in
two or more cross sections of the water-stopping por-
tion that are taken perpendicular to the longitudinal axis
direction of the insulated electric wire, and

the partially filled region covers an area that surrounds an
entire circumierence of the conductor 1n a superimpo-
sition of the two or more cross sections along an
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entirety of the water-stopping portion in the longitudi-
nal axis direction of the insulated electric wire.

6. The insulated electric wire according to claim 1,
wherein each of the plurality of elemental wires constituting,
the conductor has a circular shape 1n a cross section taken 3
perpendicular to a longitudinal axis direction of the plurality
ol elemental wires.

7. The insulated electric wire according to claim 1,
wherein,

for an inclination angle with respect to the longitudinal 10
axis direction of the insulated electric wire, the plural-
ity of elemental wires located 1n an outer circumieren-
tial portion of the conductor has a larger inclination
angle than the plurality of elemental wires located
inward of the outer circumierential portion of the 15
conductor, resulting 1n that, 1n a cross section of the
water-stopping portion that 1s taken perpendicular to
the longitudinal axis direction of the insulated electric
wire, at least one elemental wire located in the outer
circumierential portion of the conductor has a more 20
flattened shape than an elemental wire located inward
of the at least one elemental wire located in the outer
circumierential portion of the conductor.

8. A wire harness comprising;

the 1nsulated electric wire according to claim 1; and 25

electric connections provided at both ends of the insulated
clectric wire, the electric connections being capable of
connecting to other devices.

9. The wire harness according to claim 8,

wherein one of the electric connections provided on the 30
both ends of the insulated electric wire includes a
waterproof structure for preventing entry of water from
outside, and another one of the electric connections
does not include any waterproot structure, and

the water-stopping portion i1s provided at a position 35
between the one and the another one of the electric
connections.

10. A method for producing the insulated electric wire
according to claim 1, the insulated electric wire including
the conductor in which the plurality of elemental wires made 40
of a conductive material are twisted together; and the
insulation covering that covers the outer circumierence of
the conductor, the method comprising:

a partial exposure step of providing the exposed portion in
which the insulation covering 1s removed from the 45
outer circumierence of the conductor, and the covered
portion 1n which the insulation covering covers the
outer circumierence ol the conductor, the exposed
portion and the covered portion being provided adja-
cent to each other 1n the longitudinal axis direction of 50
the insulated electric wire:

a filling step of filling gaps between the plurality of
clemental wires 1n the exposed portion with the water-
stopping agent made of a curable resin composition;
and 55

a curing step of curing the water-stopping agent placed in
the exposed portion while rotating the insulated electric
wire around an axis of the insulated electric wire.

11. The method for producing the 1nsulated electric wire
according to claim 10, wherein 60
after completion of the filling step, the msulated electric
wire 1s rotated around an axis of the insulated electric

wire until the curing step 1s started.

12. The method for producing the insulated electric wire
according to claim 10, wherein 65
in the filling step, the gaps between the plurality of

clemental wires are filled with the water-stopping agent

34

by bringing the exposed portion into contact with a jet
flow of the water-stopping agent.

13. The method for producing the msulated electric wire

according to claim 10,

wherein a density modification step 1s executed between
the partial exposure step and the filling step, the density
modification step increasing distances between the plu-
rality of elemental wires 1n the exposed portion while
increasing a density of the conductive material per unit
length 1n the exposed portion, and

a retightening step 1s executed after the execution of the
filling step, the retightening step reducing the distances
between the plurality of elemental wires 1n the exposed
portion while decreasing a twist pitch of the plurality of
clemental wires.

14. The method for producing the msulated electric wire

according to claim 13, wherein, in the filling step,

a filled area, in which the gaps between the plurality of
clemental wires are filled with the water-stopping agent
and which extends over more than half of an area from
one end to another end of the exposed portion 1n a
radial direction, and an unfilled area in which the gaps
between the plurality of elemental wires are not filled
with the water-stopping agent are provided adjacent to
cach other 1n the radial direction of the exposed portion.

15. An msulated electric wire comprising:

a conductor 1n which a plurality of elemental wires made
of a metal matenial are twisted together; and

an 1insulation covering that covers an outer circumierence
of the conductor;

wherein the nsulated electric wire comprises:

an exposed portion 1n which the insulation covering 1s
removed from the outer circumierence of the conduc-
tor;

a covered portion 1n which the insulation covering covers
the outer circumierence of the conductor, the exposed
portion and the covered portion being provided adja-
cent to each other 1n a longitudinal axis direction of the
insulated electric wire; and

a water-stopping portion in which gaps between the
plurality of elemental wires in the exposed portion are
filled with a water-stopping agent, and

in an area enclosed by a surface of the water-stopping
agent, surfaces of the plurality of elemental wires are 1n
contact with only the water-stopping agent or another
elemental wire,

clemental wires located 1n an outer circumierential por-
tion of the conductor has a similar circular shape as
clemental wires located inward of the outer circumier-
ential portion of the conductor in a cross section that 1s
taken perpendicular to a longitudinal axis direction of
the plurality of elemental wires, and

in a cross section ol the water-stopping portion that 1s
taken perpendicular to the longitudinal axis direction of
the 1nsulated electric wire, the elemental wires located
in the outer circumierential portion of the conductor
has a more flattened shape than the elemental wires
located inward of the outer circumierential portion of
the conductor.
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16. The sulated electric wire according to claim 15,

wherein ellipticity of the plurality of elemental wires are
smaller 1n the cross section of the water-stopping
portion that 1s taken perpendicular to the longitudinal
axis direction of the insulated electric wire than 1n a 5
cross section of the covered portion that 1s taken
perpendicular to the longitudinal axis direction of the
insulated electric wire.
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